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CHAP. L 


Tos Subject of this E ſay. curious and 2 in 
a very high degree. — All the Comforts, Conve- 


niencies, and Luxuries of Life, are procured by. 


the Aſitance of FIRE and of HeaT.—The Waſte 
of Fuel very great. —Importance of the Economy f 


Fuel to Individuals, and to the Public. —Means 
uſed for eſtimating the Amount of the Waſte of Fuel. 

—An Account of the firſt Kitchen of the Houſe of 
Induftry at Munich, and of the Expence of Fuel in 
that Kitchen, compared with the Quantity conſumed 
in the Kitchens of private Families. An Account 


of ſeveral other Kitchens conſtructed on various 
Principles at Munich, under the Direction of the 
Author. — Introduction to a more ſcientific Inveſti= 


; Om of _ E ubjeet under 2 deration. Page 3 
CHAP. II. 


8 07 RY Gans ation OF W in the CoMBUSTION 


or Fozr.—Without knowing what Heat really 
is, the Laws of its Action may be fnvgſtigated.— 
1 that the Heat — in the Combuſ 
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Fon of F uel is furniſhed by the Air, and not by the 
Fuel. Effects of blowing a Fire dof — 
Fires places in which the Fire is made to blow itſelf. 


2 Air. furnaces.— Theſe Fire: places illuſtrated 


by a Lamp on Argand*s Principle. — Great Import. 
\ ance of being able to regulate the Quantity of Air | 
which enters a cloſed Fireplace. —Utility of Damp- 
ers in the Chimnies of cloſed Fire-places.—General 
Rules and Directions for conſtructing cloſed Fire- 
places ; with a full Explanation þ the Principles 


on aa Rules are . pea Page 35 


CHAP. Ul. 


N 05 the Means of CONFINING Hen: . DIRECT- 


IN ITs OPERATIONS.—Of Conductors and Non- 


1 8 of Heat. — Common Atmoſpheric Air a 


good Non-conduftor of Heat, and may be employed - 


vith great Advantage for confining it—is employed 
% Nature for that Purpoſe, in many Inflances—is 
the principal Cauſe of the Warmth of Natural and 


Artificial Clothing—is the ſole Cauſe of the Warmth | 


of | Double Windows. —Great Utility of Double 


6 Windows and Double Walls—they, are equally uſe- 
| Ful in Hot Countries as in Cold. — ALL ELAS TIC 


* 


_ Fivips Non-condudtors of Heat.—STEAM 8 
by E xperiment to be a Non- conductor of Heat.— 
FLAME ic alſo a Non conductor of ow = 50 


CHAP. IV. 


07 the. 8 in which HEAT is COMMUNI-_ 
© CATED by FLams to other Bodies. —Flame acts on 


Bodies in the ſame Manner as a bot Wind.—T he 
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| foe SIXTH. ESSAY. 
5 | Ee? of a 'Blow-pipe in increaſe ing the Adio 


win of | 


_ Flame explained, and illuſtrated oy E cher ima 
is 9 5 Knowledge. of the Manner in which Heat is 
- communicated by Flame neceſſary in order to deter- 
mine the moſt advantageous Form for Boilers. 
General Principles on which. Boilers of all Dimen- 
\ JO. 5 to | be 4 5 Page 66 


4 NN 4 chunt of E co; ; Aa 24h Boilers and 
Fire. places of various Forms and Dimenſions; o- 
" gether with Remarks and Obſervations on their 
| Refults,. and on the Improvements that may be de- 
rived from them. An Account of ſome Experi- 
ments made on a very large Scale in a Brew-houſe 
Boiler. An Account of a Brew-houſe Boiler con- 
Atructed and fitted up on an improved Plan. — 
Reſults of ſeveral Experiments that were made 
with this new Boiler. —Of the Advantage in re- 
gard to the Economy of Fuel in boiling Liquids, 
which ariſes from performing that Proceſs. on 4 
5 large Scale.—T heſ? Advantages are limited. — 
An Account of an Alteration that was made in 
the new Brew-houſe Boiler, with a view to the 
SAVING | or TiME in cauſing its Contents to boil. 
I — Experiments Showing the Effects produced by 
theſe Alterations.—An Eſtimate of the RELATIVE 
QuanTITIES or HEAT producible from Coaks— 
Prr-COAL.—CHARCOAL, and OAK. Me- 
thod of eſtimating the Quantity of Pit-coal which 
 . would be neceſſary to perform wny of, the Proceſſes 


1 mentioned i in this £ 1, in which . was uſed 


- as 
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4 e Eftimate of the TOTAL _— 
. Tizs of Heat producible in the Combuſtion of dif- 
Ferent Kinds f Fuel; and of the real Quantities of 
Hlat which are lh, under various Circumſtances, 
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CHAP. vi 


4 ye 1 Account of a Number of Kitchens, oublic and 
private, and Fire-places for various Uſes, which 
=: . have been conſtructed under the Direction of the 
F - Author, in different Places, —Of the Kitchen of 

5e Houss of InpusTRY af MunicH—Of that 

of the\Niitary Acapemy—Of that of the 
FF Murrtary . Mess-Hovsre—that of the Farm- 

2 _ Howuss, and thoſe belonging to the Inn in the 
” + EnGLisH GARDEN at, MUNICH.—Of, the Kit. 
chens of the Hoſpitals of Ls Pix TA; and La Mi- 
© SERICORDIA at VERONA.—Of a. ſmall Kitchen 
fitted up as a Model in the Houſe of Six JohN 

 SincLair Bart. in Lonpon.—Of the Kitchen 
F the FounDLinG HosPITAL in LoNDON.—Of 
a MLITARY KITCHEN for the. Uſe of TRoors in 
| Caup.— f a PorTaBLE BolLER for the Uſe of 
Taoors on MARCRH. OV a large Ball RR fitted 
up as a Model for BLEACHERS at the LIN EN- 
Hall. in DuBLin.—Of a Fire-place for cook 
wo, and at the ſame Time WARMING-A LARGE 
HL; and of a PERPETUAL OvEN, both fitted 

p in the Hovsz of InvusTRY at DUBLIN.—Of | 

the” KiTcurn—LaunDRY—CHIMNEY FirRE- 

. PLaces—CoTTace Firt-PLack—and Model 

Fo * of a Linz-xitLn—fred up in IRELAND, in the 
Hoe of the DuBLin Soctery. - 143 
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CHAP. „ 


The Subject of this Eſfay curious and ut in 
4 very high degree. — All the Comforts, Conve- 
niencies, and Luxuries of Life, are procured by 
the Aſſiſtance of Fir and of HEAT. The Mae 
of Fuel very great. —lſmportance of the Economy of 
Fuel to Individuals, and to the Public. — Meant 
uſed for eſtimating the Amount of the Waſte of Fuel. 
An Account of the firſt Kitchen of theAHlouſe of 
Induſtry at Munich, and of the Expence of Fuel in 
that Kitchen, compared with the Quantity conſumed 
in the Kitchens of private Families. An Account 
of ſeveral other Kitchens conſtructed on Various. 
Principles at Munich, under the Direction of the 
Author. Introduction to a more ſcientific Inveſti- 
gation of the Subject under rt 


Ne. ſubjet of obiloſophical inquiry, within the 
| limits of human inveſtigation, is more calcu» 


| Hated to excite ad miration, and to awaken curioſity, 


than FIRE; and there is certainly none more ex, 
tenſively alabul to mankind. It is owing, no doubt, 
to our being acquainted with it from our infancy, 
| 3 2 tat 
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| that we are not more ſtruck with its appearance, 


and more ſenſible of the benefits we derive from it. 
Almoſt every comfort and convenience which man 


by his ingenuity procures for himſelf, is obtained 


by its aſſiſtance; and he is not more diſtinguiſhed 
from the brute creation by the uſe of ſpeech, than 


by his power over that wonderful agent. 


Having long been accuſtomed to confider the : 


Management of Heat as à matter of the higheſt 


importance to mankind, a habit of attending care- 
fully to every circumſtance relative to this intereſt- 
ing ſubject that occaſionally came under my obſerv- 


ation, ſoon led me to diſcover how much this 


ſcience has been neglected, and how much room 
there is for very eſſential improvements in almoſt 


all thoſe various operations in which heat is em- 


ployed for the purpoſes of human life. 

The great waſte of Fuel in all countries muſt be 
apparent to the moſt curſory obſerver; and the 
uſes to which Fire is employed are ſo very extenſive, 
and the expence for Fuel makes ſo conſiderable an 
article in the liſt of neceſfaries, that the importance 


of the ſubject cannot be denied. 


And with regard to the Feonomy of Fuel, it has 
this i in particular to recommend it, that whatever 


is ſaved by an individual, is at the fame time a po- 


ſitive ſaving to the whole community; ; for the leſs 


demand there is for any article in the market, the 


lower will be its price; and as all the ſubjects off 
uſeful induſtry—all the arts and manufactures, 
without exception, depend, directly or indirectly, 
on operations in which Fire is neceſſary, it is of 

| | much 


and the ky if Fuel.” 5 


much importance to a manufacturing and com- 
mercial country to keep the price of Fuel as low as 
poſſible:— And even in countries where there are 


no manufactures, and where the inhabitants ſubſiſt | 


entirely by agriculture, if wood þe uſed as Fuel— 
as the proportion of woodland to arable muſt de- 


pend in a great meaſure on the conſumption of fire- 
wood, any ſaving of Fuel will be attended with a 
proportional diminution of the foreſts reſerved for 
fire-wood ,—conſequently, with an increaſe of the 
lands under cultivation, - with an increaſe of inha- 
bitants,—and of national wealth, rang, and 


proſperity. 


But what renders this ſubject peculiarly intereſt 


ing, is the great relief to the poor in all countries, 


and particularly in all cold climates, and in all great 
cities in every climate, that would reſult from any 
conſiderable diminution of the price of Fuel, or 
from. any ſimple contrivance by which a ſmaller 
quantity of this neceſſary article than they now are 


| obliged to employ to make themſelves comfortable, 


might be made to perform the fame ſervices. Thoſe 


who have never been expoſed to the inclemencies of 
the ſeaſons, —who have never been eye-witneſles to 


the ſufferings of the poor in their miſerable habita- 
| tions, pinched with cold and ſtarving with hunger, 


—can form no idea of the importance 10 them 


of the ſubje& which I de to treat in this 
_ Effay. 


' To all thoſe who take planſiiee'i in Aid qced to 


mankind by promoting uſeful knowledge, and-faci- 
| litating the means of procuring the comforts and 


B 3 conve- 


 conventencies of life, thee inveſt igations cannot * 


be very intereſting. 

Though it is generally vekuouedged that there 
is a great waſte of Fuel in all countries, ariſing from 
ignorance and careleſſneſs in the management of 


. Fire, yet few. very few, I believe, —are a aware of 1 
the real amount of this waſte. 


From the reſult of all my inquiries upon this 
ſubject, T have been led to conclude, that not leſs 
than Jeven-eighths of the heat generated, or which, 
with proper management, might be generated, from 


the Fuel actually conſumed, is carried up into the 


atmoſphere with the ſmoke, and totally loft. And 
-this opinion Has not been formed haſtily ; on the 


contrary, it is the teſult of much attentive obſerv- 


ation, and of many experiments. But, in a matter 


ol ſo much importance, I feel it to be my duty not 


merely to give the Public my opinions, but to lay be- 
fore them che grounds upon which thoſe opinions 


have been founded; in order that every one may 


Judge for himſelf of the dpi wp 4. or e we 
my deductions. 
It would not be difficult, merely from a Stet 
cation of the nature of heat, —of the manner in 
Which it is generated in the combuſtion of Fuel, 
and the manner in which it exiſts when generated, 


to how that, as the proceſs of boiling is com- 


- monly performed, there muſt of neceflity be a very 
great loſs of heat; for when the veſſel, in which the 


lid to be boiled is contained, is placed over an open 


or naked fire, not only by far the greater part of 
2 W — heat is * N. but alſo of that which 
M105 | exiſts 


and the Ants of Fuel. 


exiſty' in the flame, ſmoke, and hot vapour, a diy 
| ſmall proportion only enters the veſſel; the reſt 
going off with great rapidity, by the chin; into 
the higher regions of the atmoſphere. But, with- 
out inſiſting upon theſe reaſonings, (though they 
are certainly incontrovertible,) I ſhall endeavour to 
eſtabliſh the facts in queſtion upon ſtill mote ſolid 
ground — that of actual experiment. 
In the proſecution of the experiments neceſſary 
in this inveſtigation, I proceeded i in the following 
manner: —As the quantity of heat which any given 
quantity of any given kind of Fuel is capable of ge- 
nerating is not known, there is no fixed ſtandard 
with which the reſult of an experiment can be com- 
pared, in order to aſeertain exactly the proportion of 


the heat ſaved, or uſefully employed, to that loſt: 


Inſtead, therefore, of being able to determine this 
point directly, I was obliged to have recourſe to 


_ approximations. Inſtead of deter mining the quan- 


tity of heat loſt in any given operation, I endea- 
voured to find out with how much leſs Fuel the 
ſame operation might be performed, by a more ad- 
vantageous arrangement of the Fire, and diſpoſition 
of the machinery: And ſeveral extenſive public 
eſtabliſhments, which have been ereQed in Bavaria 
within theſe laſt fix or ſeven years, under my direc- 
tion, by order of His Moſt Serene Highneſs the 
ELECTOR PALATINE 3 particularly an eſtabliſh- 
ment for the Poor of Munich (of which an account 
has been given to the Public in my Firſt Eſſay); and 

the Eſtabliſhment of a Public Academy for the edu- 
| cation of 180 young men, deſtined for the ſervice 
- | B 4 - 
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8 Of the Managenent of Fire, 


of the State in the different” civil and military de- 
partments; the economical arrangement of theſe 


. 


eſtabliſhments afforded me a moſt favourable op- 
portunity of putting into practice all my ideas re- 


lative to the Management of Fire: and of aſcertain- 


ing, by numerous experiments made upon. a large 
ſcale, and often varied and repeated, the real im- 
portance of the improvements I have introduced. 


That many experiments have been actually 
made in theſe two eſtabliſhments, during the ſeven 
years they have exiſted, will not be doubted by 
thoſe who are informed, that the Kitchen, or rather 


the Fire-place of the kitchen of the Houſe of In- 


duſtry, has been pulled down and built entirely 
anew no leſs than three times, and that of the 


Military Academy 7zvice, during that period; and 


that the forms of the boilers, and the internal con- 


ſtruction of the fire places, have been 9 ſill 


oftener. | 
The importance of the i improvements in the ma- 


nagement of heat employed in culinary operations, 
which have reſulted from theſe inveſtigations, will 


appear by comparing the quantity of Fuel now 
actually uſed in thoſe kitchens, to that conſumed in 


performing the ſame operations in kitchens on the 

common conſtruction: And this will at the ſame 
time ſhow, in a clear and ſatisfactory manner, 
what I propoſed to prove, —namely, that in all the 


common operations in which Fire is employed, 
there is a very great waſte of Fuel. 
The waſte of Fuel in boiling water or any other 


Liquid over an open fire, 1 in the manner in which 


that 


2nd the Economy of Hel. 2 


that proceſs is commonly performed, and the great 
ſaving of Fuel which will reſult from a more ad- 
vantageous diſpoſition and management of the Fire, 
will be evident from the reſults of the following 
Experiments, all of which were made by e and 
with the utmoſt care. | 


% 


fc +  , , Ne x. 


A copper boiler belonging to the Lithon of the 
Ae Academy i in Munich, 22 Rhinland inches 
in diameter above, 191 inches in diameter below, 
and 24 inches in depth, and which weighed 50 lbs. 
weight of Bavaria, (=61.92 lbs. Avoirdupois,) 
being fixed in its fire-place, was filled with 95 Ba- 
varian meaſures (= 28 Engliſh wine-gallons) of 
water, which weighed 187 Bavarian pounds 
(=232. 58 lbs. Avoirdupois); and this water be- 
ing at the temperature of 582 F. a fire was lighted 
under the boiler with dry beech-wood, and the 
water was made to boil, and was continued boiling - 
two hours. The time employed and wood con- 
fumed in this Experiment were as follows: 


Ti ime ak Wood conſumed. 


| Hours. Min. lbs. 
| To make the water boil, « - ES. * 11 
T4 keep the water boiling, - 2 0 — 22 
V 32. — 1 


* 


—— — re reg "Ws — 2 — i > — — 
pos — 


CE IN 


Experiment, No. 2 2. 


| The ſame boiler, containing the fame quantity 
of water at the ſame temperature, being now re- 


moved to the kitchen of a private gentleman in the 


neighbourhood, (Baron de Schwachheim, a bro- 
ther of the Commandant of the Academy,) and 
placed upon a tripod, a quantity of the ſame kind 


of wood uſed in the former Experiment being pro- 


vided, a fire was lighted under it by the gentle- 


man's cook, (directions having been given to be as 


ſparing as poſſible of Fuel,) and it was made to 
boil, and continued boiling two hours. 
The reſult of the Experiment was as follows: 


Time employed. Wood confitvied. 


| | * Hoes. Min. l. 
To make the water boil, - < 131 — 45 
| To keep it boiling, — 7 2 O — 171 


1-41 | a 1 . 
As in theſe two Experiments the ſame boiler was 
employed; —as the quantity of water was the ſame, 
as alſo-its temperature at the beginning of the 
Experiments, —and as it was made to continue 


boiling during the fame length of time, it is evident 


that the quantities of wood conſumed ſhow the re- 


lative advantages of the different methods employed 


in the management of the Fire. The difference of 


theſe quantities of Fuel is very great (the one be- 
wg only 13+ lbs. and the other en to no 
| . leſs 


4 


end the 22 of Fuel. 11 


leſs 10 62 1 lbs.) And this ſhows how very con- 
ſiderable the waſte of Fuel really is, in che manner 
in which it is commonly employed for eulinary pur- 
poſes, and how important the ſavings are which 
may be made by introducing a more advantageous 
arrangement for the management of Fire. But, great 
as theſe ſavings may appear to be, as ſhown by the 
refults of the foregoing Experiments, yet they are 
in fact ſtill more conſiderable, as will be abun- 
dantly proved in the ſequel. In the Experiment, 
No. 2. in which the boiler was put over an open 
Fire, great care was taken to place the Fuel in the 
moſt advantageous manner; but, in general, little 

attention is paid to that e and the waſte 
of Fuel is greatly increaſed by ſuch negligence: But 
in cloſed fire- places, dpon a good conſtruction, as 
the proper place for the Fuel cannot be miſtaken, 
and as it is fixed and bounded on all ſides by a 
wall, the ignorance or inattention of thoſe who 
take care of the Fire can never be productive of 
any great waſte of Fuel; and this is an advan- 
tage of no fmall importance attending theſe fire- 
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To make the water boil, - « 0 12 — 1 


12 3 Y the Management 'of Fire, 


| Experiment, No. 3. 


_ large copper ſauce-pan « or cafarala 114 wakes 


in diameter above, — 10 in diameter below, and 
34 inches deep, containing 4 meaſures of water, 
weighing 7 Ibs. and at the temperature of 58 F. 

| being placed in its cloſed fire-place,. and a fire be- 


ing made under it with ſmall pieces of dry beech- 
wood cut in lengths of about 4 inches, the water 
was made to boil, and. was continued boiling two 
hours. ; 

The reſult of the „ was as follows: 


Time employed. Wood conſumed; 
Hours. Minn. lbs. 


To keep it boiling, - - 2 © OF 
Total, 562 os — p — Ta 


Experiment, No. 4. 


. | 8 To F ET: | 
The fame ſauce-pan, containing the ſame quan- 
tity of water, and at the fame temperature as in the 
laſt Experiment, was now taken irom its proper fire- 


place, and placed upon a tripod; and a fire being 


made under it with dry beech-wood, the reſult of 
the Experiment was as follows: | 


Time employed. Woed conſumed. 
| 155 Hours. Min. „ | 
To make the water boil, = - o 28 


— 6 
To keep it boiling, *- 2 oo — 5 
Total, 5 2 28 — f 114 
The 
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The difference in the refult of theſe two Expe- 
riments is nearly the fame as that in the reſults of 
| thoſe before mentioned, and they all tend to ſhow, 
that in cooking, or boiling over an open fire, nearly 
Fe times as much Fuel is required, as when the heat 
is confined in a cloſed fire plus 127 its „ e 
properly directe. | 
But I muſt'again repeat, what 1 We e ob- 
ſerved with reſpect to the two former Experiments, 
as the Experiments No. 2. and No. 4. were both 
made with the utmoſt care, the reſults of them, 
compared with thoſe which were made with the 
fame boilers placed in cloſed fire-places, can give no 
adequate idea of the real loſs of heat, and waſte of 
Fuel, which take place in the common run of 
cookery. e OR 7 Gs? * 
From ſeveral eſtimates which I have made with 
| great care relative to this ſubje&, founded upon 
the quantity of Fuel actually conſumed in the 
kitchens of ſeveral private families, compared with 
the quantities of different kinds of food prepared 
for the table, it appears that at leaſt nine-tenths of 
the good actually conſumed in common kitchens, 
where cooking is carried on over an open fire, 
might be ſaved, by introducing the various im- 
provements I have brought into uſe in the kitchens 
that have been conſtructed under my directions. 
hut it is not alone in kitchens, in which cooking 
is carried on over open fires, that uſeful alterations 
may be made; kitchens with cloſed fire- places, and 
indeed all the kitchens that have yet been con- 
trived, 
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trived, (as far as my knowledge extends,) are ful. 

ceplible of great improvement. 
Il! be various improvements that may be made. in 
mechanical arrangements for the Economy of Fuel, | 
will appear in a ſtriking manner from a detail of the 

different alterations which have from time to time 

deen made in the kitchen of the Houſe of Induſtry at 
Munich, and in that of the Military Academy, and 
of the effects produced by thoſe progreſſive im- 
provements. 
Ihe Houſe of Induſtry, being an eſtabliſhment of 
public charity, and the number of thoſe fed from 
the kitchen amounting from 1000 to 1500 perſons 
daily, the Economy of Fuel, in a kitchen upon ſo. 
7 large a ſcale, became an object of ſerious confider- 
ation ; and I attended to this matter with peculiar, 
pleaſure, as it ſo completely coincided with my fa- 
yourite philoſophical purſuits. | 

The inveſtigation of Heat, and of the bas of its 
operations, had long occupied my attention, and 1 
had been ſo fortunate, in the courſe of my Experi- 
ments upon that ſubject, as to make ſome diſco- 
veries which were thought worthy of being inſerted 
in the Philoſophical Tranſactions of the Royal So- 
ciety of London ; and, for my laſt paper upon that 
 ſubje&, publiſhed in the Tranſactions for the year 
1792, I had the honour to receive the annual Me. 
dal -of the Society. 1 hope my mentioning this 
circumſtance will not be attributed to oſtentation, 
My motive in doing it, is merely to ſhow, that when 
I undertook to make the arrangements of which I 
| | . N 
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; am about to give an account, the ſubje& was by 
no means new to me; but, on the contrary, that I 


was prepared, and in ſome meaſure qualitied, for 


ſuch inveſtigation. | 
I conceive it to be the duty of thoſe who propoſe 


uſeful improvements for the benefit of mankind, 
not only to merit, but alſo to do every thing in 


their power to obtain, the confidence of thoſe to 
whom their propoſals are ſubmitted; and there ap- 
pears to me to be a much greater degree of pride 
and arrogance diſplayed by an author in taking it 


for granted that the world is already ſufficiently ac- 
quainted with his merit and his qualifications to 


treat the ſubject he undertakes to inveſtigate, than 
in modeſtly pointing out the grounds upon which 


the confidence of the Public in his knowledge of his 


lubject, and in his integrity, may be founded. 
Hut to return from this digreſſion. In the firſt 
arrangement of the kitchen in the Houſe of Induſtry 


at Munich, which was finiſhed in the beginning of 


the year 1790, eight large copper boilers, each ca- 
pable of containing about 33 Engliſh wine gallons, 
were placed in ſuch a manner in two rows, in a ſo- 
= lid maſs of brick-work, 3 feet high, 9 feet wide, 
| and 13 feet long, built in the middle of the kitchen, 
tat, from a ſingle fire-place, ſituated at one end 
of this brick-work, by means of canals (furniſhed 
with valves or dampers) going from it, through the 
ſolid maſs of the brick-work to all the different 
boilers, theſe boilers were all heated, and made to 
bail with one fingle fire; and though none of 
Z 
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my them were in actual contact with the fre. 


* n 


ſome of them were diſtant from it near 1 5 feet, yet 


they were all heated with great facility, and in a 
hort ſpace of time, by the heat which, upon open- 
ing the valves, (which were of iron, was 5 made to 
| 1125 through the canals. ; - 


* 


Each boiler having its ſeparate canal, a its fo. | 
parate yalves, any fingle boiler, or any number of 


them, might be heated at pleaſure, without heat- 
ing the reſt ; and by opening the valves of any 


boiler more or leſs, more or leſs heat, as the oc- 
eaſion required, might be made to paſs under the 
boiler ;—and when no more heat was wanting for 


any of the boilers, or when the fire was too ſtrong, 
by opening a particular valve, a communication 


with a waſte canal was formed, by which all the 


heat, or any part of it, at pleaſure, might be made 
to paſs off directly into the chimney, n going 
[Roar any of the boilers. , : SET 


The Fire was regulated by a regiſter i in 1 the « FI 
5 the aſh-pit, by which the air was admitted into 


the fire · place; and, when no more heat was wanted, 


the Fire was put out by cloſing this regiſter en- 
firely, and by cloſing at the ſame time all the valves 


or dampers in the canals leading n dhe fire, 
place. | 
The fire-place was of an 1 oval form, 3 feet was. | 


2 feet 3 inches wide, and about 18 inches high, 


vaulted above with 2 double vault, 4 inches of air 


being left between the two vaults; and the Fuel 
Was 9 into the fire-place by a paſhge 6 


cloſed | 
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cloſed by a double iron door, which door was kept 
conſtantly ſhut ;—and the Fuel was burnt upon an 
iron grate; the air which ſupplied the Fire coming 
up from below the grate through the aſh-pit. 
The loſs of heat in its paſſage from the fire-place 
to the boilers, was. prevented by making the canals 
of communication double, one within the other; the 
internal canal by which the heat paſſed, and which 
was 5 inches. wide internally, and 6 inches high, 
being itſelf placed, and, as it were, inſulated, in a 
canal ſtill larger, in ſuch a manner that the canal 
by which the heat paſſed, (which was conſtructed 
of very thin bricks, or rather tiles,) was ſurrounded 
on every fide with a wall, 2 inches thick, of confined 
air. The ſurroynding canal being formed in the 
ſolid body of the maſs of brick-work, this arrange- 
ment of the double canals was entirely concealed. 
The double canals and the double vault over the 
fire-place were intended to ſerve the ſame purpoſe, 
namely, to confine more effeually the heat, and pre- 
'vent its eſcape into the mals of brick-work, and its 
| conſequent „„ 
Having found, in the drt of my experiments, 
that confined air is the beſt barrier * that can be 
oppoſed to heat, to confine it, I endeavoured to avail 
myſelf of that .diſcovery in theſe economical ar- 
rangements, and my attempts were not unfucceſsful. 
Not only the fire- place itſelf, and the canals of 
communication between the fire-place and the Te 


7 See Philoſophical Tranfactions, 1792; Part I, | 
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> ers, were furrounded by confined air, but it was 
. alſo made uſe of for confining the heat in the boil-' 
| ers, and preventing its eſcaping into the atmo- 

' ſphere. This was done by making the covers of 
mate boilers double. Theſe covers, (See the figures 
Pp 3 and 2, Plate I.) which were made of tin, or rather 
of thin iron plates tinned, were in the form of a 
hollow cone; the height of the cone was equal to 
about one-third of its diameter; and the air which 
it contained was entirely ſhut up, the bottom of the 
cone being cloſed by a circular plate or thin ſheet of 
tinned iron. The bottom of the cone was accu- 
rately fitted to the top of the boiler, which it com- 
pletely cloſed by means of a rim about 2 inches 
wide, which entered the boiler; which rim was 
ſoldered to the flat ſheet of tinned iron which 
formed the bottom of the cover. The ſteam, 8 

nerated by the boiling liquid, was carried off by a 
tube about half an inch in diameter, which paſſed 
through the hollow conical cover, and which was 

| Attached to the cover, both above arid below, with 
| folder, in ſuch a manner that the air with which 
the hollow-cone was filled, remained completely | 
= _ confined, and cut off from all communication with 
= the external air of the atmoſphere, as well as with 
| * the ſteam it generated in'the boiler. - 

In ſome of the covers I filled the hollow of the 
cone with fur; ; but I did not find that theſe were 
Fenfibly better for confining the heat than thoſe 

In which the cone was filled ey with air. 


_ | To 


| 


Jo convince the numerous Qrangers; _”_ from 
oa viſited this kitchen, of the great advantage 
of making uſe of double covers to confine the heat 
in the boilers, inſtead of uſing ſingle covers for 
that purpoſe, a ſingle cover was provided, which; 


as it was externally of the ſame form as the others; 


when it was placed upon a boiler, could not be diſ⸗ 
tinguiſhed from them; but as its bottom was wants 
ing, and conſequentlyzhere was no confined air in- 
terpoſed between the hot ſteam in the boiler and che 
external ſurface of the cover, on being placed upon 
a a kettle actually boiling, this cover inſtantaneouſly 
became ſo exceedingly hot as actually to burn thoſe 
who ventured to touch it ;—while a double cover, 
formed of the ſame materials, and placed in the 
ſame ſituation, was ſo moderately warm that the 
naked hand might be held upon it for any m_ 


of time without the leaſt in convenience. 


As it was eaſy to conceive that what was fo ex- 


ceedingly hot as to burn the hand, in an inſtant; 
upon touching it, could not fail to communicate a, 


great deal of heat to the cold atmoſphere, which 
| continually lay upon it, this Experiment ſhowed, 


in a ſtriking and convincing manner, the utility of 
my double covers; and I have ſince had the ſatiſ- 
faction to ſee them gradually finding their way into 
common uſe. 

It is perhaps quite unneceſſary that I ſhould in- 


form my readers, that one principal motive which 


induced me to take ſo much pains in the arrange- 


ment of this kitchen, was a deſire to introduce uſe- 
"0 ful 


F 


> Jour — 
ful improvements relative to the Management of 
Heat and the Economy of Fuel, into common prac- 
tice. An eſtabliſhment ſo intereſting in all re- 
fpects,.—ſo i important in its conſequences, — and fo 
perfectly new in Bavaria, as a public Houſe of In- 
duſtry upon à liberal and extenſive plan, —wbere 
almoſt every trade and manufacture is carried on 
under the fame roof, where the poor and indigent 
of both ſexes, and of all ages, find a comfortable 
afylum, and employment ſuited to their ſtrength | 
and to their talents; and where induſtry is excited, 
not by puniſhments, but by the maſt liberal rewards, 
and by the kindeſt uſage: Such an eſtabliſhment, 
I thought, could not fail to excite the curioſity of 
the Public, and to draw together a gyeat concourſe 
of viſitors z and as this appeared to me a favourable 
opportunity to draw the public attention to uſeful 
improvements, all my meaſures were taken accord- 
ingly; and not only the kitchen, but alſo the bake- 
houſe, —the ſtoves for heating the rooms, — the 
lamps, — the various utenſils and machines made 


uůſe of in the different manufactories, —all the differ- 


ent economical arrangements and contrivances for 
facilitating the operations of uſeful induſtry, were 

10 many models expreſsly made for imitation. 
But inthe arrangements relative to the Economy 
"of Fuel, beſides a view to immediate public utility, 
-another motive, not much leſs powerful, contri- 
buted to induce me to pay all poſſible attention to 
the ſubject; namely, a defire to acquire a more 
A ak — welas to the. nature of Heat, 
and 
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and of the His of its operations; and with this | 
view ſeveral parts were added to the machinery, 
which I ſuſpected at the time to be tob complicated : 
to be really uſeful in common practice. ZE 
The ſteam, for inſtance, which aroſe from the 
boiling liquids, inflead of being ſuffered to eſcape 
into the atmoſphere, was carried up'by tubes into- 
a room immediately over the kitchen, where it was 
made to paſs through a ſpiral worm, placed | in a 
large caſk full of cold water, and condenſed, giv- 
ing out its heat to the water in the caſk ; which 
water thus warmed, without any new expence of 
Fuel, was made uſe of the next day, inſtead of cold 
water, for filling the boilers. That this water, fo 
warmed, might not be cooled during the night, the 
caſk that contained it was put into another caſk ſtill 
larger; and the ſpace between the two caſks was 
filled with wool. The cooling of the ſteam, in its 
paſſage from the boiler to the caſk where it was 
condenſed, was prevented by warm coverings of 
ſheep-ſkins with the wool on them, by which 
the tubes of communication, which were of 
tin, were defended from the cold air of the 
atmoſphere. 5 
By this contrivance, tis heat, that woilld otic 
wiſe have been carried off by the ſteam into the at- 
moſphere and totally loſt, was arreſted in its flight, 
and brought back into the mer! and made to work 
' the ſecond day. | 
By other contrivances, the fnoke alſo was laid 
under contribution. After it had paſſed under the 
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lara and juſt as it was about to eſcape by the 
1 chimney, it was ſtopped; and, by being made to 
| _ _— paſs under a large copper filled with cold water, 
= | was deprived of the greater part of the heat it ſtill 
retained : And thinking it probable that gonſider- 
able advantages would be derived from drying the 
wood very thoroughly, and even heating it, before 
it was made uſe of for Fuel, the ſmoke from two of 
the boilers was made to paſs under a plate of iron 
5 Which formed the bottom of an oven, in which the 
| wood, neceſſary for the conſumption of the kitchen 
for one day, (having been previouſly cut into billets 
of a proper ſize,) was dried during oy e _ 
vious to its being uſed. 
we In a ſmaller kitchen, (adjoining icht 1 hare 
we - been deſcribing,) which was conſtructed merely as 
oo a model for imitation, and which was conſtantly. 
open for the inſpection of the Public, five boilers of 
different hzes, all heated by the fame fire, were 
placed in d ſemicircular maſs of brick- work, and 
the ſmoke, after haying paſſed under all theſe five 
- boilers, was made to heat, at pleaſure, either an 
oven, or water which was contained in a wooden 
caſk ſet upright upon the brick-work.—A tube of 
copper, tinned on the gutſide, which went through 
the caſk, gave a paſſage to the ſmoke, and this tube 
was connected with the bottom of the caſk. by 
means of a circular plate of copper through which _ 
_ = the tube paſſed, which plate cloſed a circular open- 
w_— ing in the bottom of the caſk ſomewhat 8 in 
Þ | 5 er than the tube. eee 
: | „ | 5 | | | This 
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This eircular plate was nailed to the 3 of 
the caſk, and the joining made water-tight by in- 
eerpoſing between the metallic plate and the wood 
a ſheet of paſtebpard; and the tube was faſtened 
to the plate with folder. This tube, (which was 
about 6 inches in diameter,) as foon as it had 
paſſed: the circular plate, and entered the barrel, 
- branched out into three knallet tubes, each about 
4 inches in diameter, which, running parallel to 
each other through the whole length 25 the caſk, 
went out of it above, by three different holes in the 
upper head of the caſk, and ee in A canal which 
$6 to the chimney. © / : 
I his tube, by which the ſindke paſſed dubak 

_ caſk, was branched out into a number of 
branches in order to increaſe the ſurface, by which 
the heat of the ſmoke was communicated to the 
water in the caſk. » The caſk was ſupplied with wa- 
ter from a reſervoir placed in the upper part of the 
building, by means of a leaden pipe of eommunica- 
tion from the one to the other; and the machinery 
was ſo contrived, that, when any water was drawn 
out of the caſk for ufe, it was immediately replaced 
from the reſervoir; hut as ſoon as the water in the 
Caſk had regained, its proper height, the cold water 
from the reſervoir ceaſed to flow in it. 
Nothing more generally excited the LS ant 
curioſity of thoſe who viſited this kitchen, than to 
Tee water actually boiled in a. wooden calk, and 
drawn from it boiling hot, by a braſs cock. 1 
have been the mare particular in deſcribing the 
"MS manner 
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manner in which this was done, as I have reaſon | 
to think that a contrivance of this kind, or ſome. 
thing ſimilar to it, might, in many caſes; be applied 
to uſeful purpoſes. No contrivance can poſſibly be 
invented by which heat can be communicated to 
fluids/ with fo little loſs; and as wood is not only 
an excellent non- conductor of heat itſelf, but may 
- eaſily be ſurrounded by confined air, by furs and 
other like bodies which are known to be uſeful in 
confining heat, the loſs of heat, by the ſides of a 
containing veſſel compoſed of wood, W _ 
moſt entirely prevented. | 
Why ſhould not the boilers 0 ni aids 
and breweries, and thoſe deſtined for other ſimilar 
proceſſes, in which great quantities of water are 
Heated, or evaporated, SY conſtructed; of wood, 
with horizontal tubes of iron or copper, com- 
municating with the fire- place, and running through 
them, for the circulation of the ſmoke ? But this 
is not the place to enlarge upon this ſubject; I ſhall 
therefore leave it for 8 aut N und return to my 
Kitchens. 93% oy HOLES 
Jo prepare the 1 furniſhed to She Phot from 

* dhe kitchen of the Houſe of Induſtry, it was found 
neceſſary to keep up the fire near foe hours, the 
ſoup, in order to its being good, requiring. 1 to be 
; "pe actually boiling above three hours. 
The Fuel made uſe of in this kitchen was ry 
| ern odd a cord of which, (or #/after, as it is 
called,) 5 'Engliſh feet 8.2, inches long, 5 feet 
I inches high, and 3 feet 13 inches wide, and 
71 | Which 
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which weighed at an average about 2200 Bavarian | 
pounds, 2 (=724' lbs. Avoirdupois,) coſt at an 
average about SE florins' 08 9” hy 2 7a in 
the market. | 

Of chis wood the daily: conſumption, what 
ſoup was provided for 1000 perſons, was about 
zoo lbs. Bavarian weight; or about 4, or more ex- 
actly r of a cord or klafter, which coſt 43 creut- 
zers, (60 creutzers making a florin,) or about 
18. 314. ſterling: And this gives of a creutzer, 
or Y of a farthing, for the daily Fuerte for Tuel 
in cooking for each perſn. | 

Jo make an eſtimate of the ay bpener ber 
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Fuel in cooking the ſame quantity of the fame kind 


of ſoup in private kitchens, we will ſuppoſe theſe 
1 000 perſons, who were fed from the public kitchen 
of the. Houſe of rn + to be peg Come 180 TI | 
MEN perſons ea eng. n 
This would make nn 200 families; nel the 
quantity of wood confumed in the public kitchen 
daily for feeding 1 oo perſons, (= J00 lbs.,) being 
divided among 200 families, gives 11 lbs. of wood 
for the daily conſumption of each family; and 
according to this eſtimate; 1 cord of wood, weigh- 
ing 2200 lbs. ought to ſuffice for cooking for ſuch 
a family 1466 days, or 4 years and 6 days, 
But upon the moſt careful inquiries relative to 
den conſumption of Fuel in private families in 
operations of cookery, as they are now generally 
performed over an open fire; I find that 5 Bavarian 
pounds of good peas-ſoup can hardly be prepared 
; | . 


ment o "my 


at a leſs expence of Fuel than. I 5 lbs. of dry beecli- 

wood of the beſt quality; be, confequently, a cord of 

ſuch wood, inſtead of ſufficing for preparing a ſoup . 

daily for a family of 5 perſons for 4 years, _ 

| hardly ſuffice for ſo long a time as 5 months. 

= And hence it appears, that the een of 

Fuel in the kitchens of private families, is to that 

conſumed in the firſt kitchen of the Houſe of In- 
duſtry at Munich, in preparing the ſumè quantity 9. | 
the fame. kind of food, (peas-ſoup,): as 10 to 1“. 
But-it muſt be remembered, that this difference in 
the quantities of Fuel expended is not occaſioned. 
entirely by the difference between the two methods 
of managing the Fire; for, excluſive of the effect 
: produced. by a given arrangement of the machinery, 
—vith; the ſame arrangement, the greater the quan- 
tity of food pre ared at once, or the larger the boil- 
er, (within certain limits however, as will be ſeen 
hereafter,) the leſs in proportion will be the quan- 
tity of Fuel required; — and the ſaving of Fuel 
which ariſes from cooking upon a large ſcale is very 

| e, But I ſhall take-occaſion to treat this 

part of my ſubject more fully elſewhe re. 

Ihe kitchen in the Houſe of Induſtry was: « finiſhed 

1 Pay the beginning of the year 1790. And much 
about the, ſame time, two other public kitchens 
upon a large ſcale were erected at Munich, under 

N ny. direction 3 namely, the kitchen ee e to 


WY Aﬀterwards, on, altering 1 the kitchen of the Houſe of Tater, 
und fitting it up on beiter principles, the Economy of Furl » wy car = 
Ded ſtill farther, as will be ſeen in the — this Eſſo y. 
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the Military Academy, and that n to the 
Military Hall (as it is called) in the Engliſ garden, 
in which building near 200 military officers meſſed 
daily during the annual encampments, —for which 
e this building was erecte. 
There is likewiſe in the garden, (which is 6 20 
liſh miles in circumference, ) an inn —a farm - houſe, 
and a large dairy; and theſe eſtabliſhments gave 
me an opportunity of conſtructing no leſs than four 
other kitchens ;——namely, two for the inn, one for 
the farm-houſe, and one for the uſe of the dairy. 
And the uſes for which theſe different kitchens 
were deſigned, and to which they- were applied, 
were ſo various, as not only to include almoſt every 
proceſs of cookery, but alſo to afford opportunities 
of performing the ſame operations upon very dif- 
| ferent ſcales, and conſequently of making many 
intereſting Experiments relative to on n e 
of heat, and the Economy of Fuel. a 
That I did not neglect theſe opportunities of pur- 
ſuing, with effect, a ſubject which had long engaged 
my attention, and to which I was much attached, 
Will readily be believed by thoſe who know what ar- 
dour a curious ſubje& of philoſophical inveſtigation - 
"1 is capable of inſpiring in an inquiſitive mint. 
As the Experiments I have made, or cauſed to 
1 made, in the different eſtabliſhments before men- 
tioned, during the ſix or ſeven years that they have 
exiſted, are extremely numerous; it would take 
up too much time to give an account of them in 5 
fell; I ſhall therefore content myſelf with merely 
b 6 noticing | 


EY 
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| noticing! the general reſults of them, and mention- 
ing more particularly only ſuch of them as appear 
to me to be moſt important. And in regard to the 
peculiar conſtruction of the different kitchens above 
mentioned, as moſt of them have undergone many 
alterations, and as no one of them remains exactly 

in the fame ſtate in which it was firſt conſtructed, 

1 do not think it neceſſary to be very particular in 
my account of them; I ſhall occaſionally mention 
the principles on which they were conſtructed, and 
the faults I difcovered in them; but when I ſhall 

come to ſpeak of thoſe i improvements which have 
ſtood the teſt of actual experience, and which I can 
recommend- as being worthy of imitation, I ſhall 
take care to be very exact _ paiticular in "wy 

— Hi (651! | 

It will not be ein very dificult; I fancy, from 
ar has been ſaid, to form a pretty juſt idea of the 
conſtruction of the kitchen in the Houſe of Induſtry 

Above deſeribed, even without the help of a plan or 

drawing of it. That in the Military Academy was 
conſtructed upon a different principle: Inſtead of 
heating all the boilers from one and the ſame fire- 
place, almoſt every boiler had its own ſeparate fire- 
place; and though the boilers were all furniſned 
With double covers, ſimilar to thoſe made uſe of in 
the kitehen of the Houſe of Induſtry, yet there was 
no attempt made to recover the heat carried off by 
the ſteam, but it was ſuffered to eſcape without hin- 
drance into the atmoſphere; it having been found, 
oy the — made in the kitchen of the 
a - 5 Houſe | 


— 
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Houſe of induſtry, that when the Fire is properly 
managed, that is to ſay, when the heat is but juſt 
ſufficient to keep the liquid boiling hot, or very 
gently boiling, the quantity of ſteam generated is 
inconſiderable, and the heat carried off 7 it nat 
worth the trouble of ſaving. FR 
Fach fire-place was furniſhed with an iron grate, 
upon. which the wood was burnt, and the opening 
into the fire, as well as that which communicated 
with the aſb-pit, had in each its leparate i iron door. 
Finding afterwards that the iron door which 
cloſed the opening by which the wood was intro- 
duced into the fire: place, was much heated, and 
conſequently that it cauſed a eonſiderable loſs of 
heat by communicating it to the cold atmoſphere 
with which it was in contact; in order to remedy 
this evil. without incurring the expence of double 
| doors, the iron door was removed, and in its ſtead 
was placed a hollow cylinder, or rather. truncated 
cone, of burnt. clay or common earthen ware, 
which cone was 4 inches long, 6 inches in diameter 
internally, and $ inches in diameter externally, at its 
larger end or baſe; and 51 inches in diameter in- 
ternally, and 72+ inches in diameter externally, at 
its ſmaller end; And being firmly fixed, with its 
axis in an horizontal poſition, and its larger end 
or baſe outwards, in the middle of the opening 
leading to the fire- place, and being well united 
with the ſolid brick-work by means of mortar, the 
cavity of this cone formed the opening by which 
the wood was introduced into the fire-place. This 
bo... — cavity 


o 


INS 


zo cen. Manegenont of tis, 
cavity being cloſed with a fit ſtopper of « 


Ware, as earthen-ware is a non- conductor of heat, | 


or as heat cannot paſs through it but with great 
_ difficulty, and very flowly, the external furface of 
this cone and its ſtopper were never much heated, 


conſequently the quantity of heat they could com- ; 


municate to the atmoſphere was but very trifling. 
This contrivance was afterwards rendered much 
more ſimple, by ſubſtituting, inſtead of the hollow 


cone, a tile, 10 inches ſquare, and about 2 inches 


thick, with a conical hole in its center, 6 inches in 
diameter externally, and 51 inches in diameter 
within, provided with a fit baked earthen ſtopper. 
(See the Figures, N' 6, 7, and 8. Plate I.) 
A perforated ſquare tile is preferable to a hollow 
cylinder for forming a paſſage into the fire- place, 


not only becauſe it is cheaper, ſtronger, and more 
durable, but alſo becauſe it may, on account of its 


form, be more eaſily and more firmly fixed in * 
place, and united with the reſt of the brick. work. 
If proper moulds be provided for forming theſe 
perforated tiles and their ſtoppers, they may be 
afforded for a mere trifle. In Munich they are 
madeof the very beſt earth, by the Elector's pot- 
ter, and they coſt no more than 24 creutzers, or 
ſomething leſs than 9d. ſterling, for a tile with its 
ſtopper, I had ſeveral made of ſand-ſtone by a 
ſtone· cutter, but they coſt me 1 florin and 3⁰ 
ereutzers, or about 28. 9d. ſterling each. 
Though thoſe made of ſtone anſwered perfectly 


vel, 225 1 found them not better than thoſe made 
\ | of 5 


of ER ware; wid as . laſt are much chai 
er, and I believe equally durable, they ought cer- 
tainly to be preferred. That the ſtopper may be 
made to fit with accuracy the hole it is intended to 
cloſe, (which is neceffary, as will be ſeen hereafter,) 
they may be ground een with fine fand moiſt- 
ened with water.. 

Senſible, from the beginning, oft che great i im- 
portance of being abſolutely maſter of the air that 
is admitted into the fire- place to feed the Fire, ſo as 
to be able to admit more or leſs at pleaſure, or to 
exclude it entirely; I took care, in all my fire- 
places, to cloſe very exactly the paſſage into the aſh- 
pit by a door carefully fitted to its frame, the air 
being admitted through a ſemicircular opening fur- 
niſhed with a regiſter in the middle of this door. 
This contrivance (which admits of no further im- 
provement) is indiſpenſably neceſſary in all well- 
conſtructed fire- places, great or ſmall. (See the 
Figures from Fig. ꝙ to Fig. 16. Plate II.) 

Having occaſion, in the courſe of my arrange- 
ments, to make uſe of a great number of boilers, 
and often of ſeveral boilers of the ſame dimenſions, 
I availed myſelf of that circumſtance to- determine, 
by actual experiments, the beſt form for boilers, or 
that form which, with any given capacity, ſhall be 
beſt adapted for ſaving Fuel. 0 5 
Iwo or more boilers of the ſame capacity, but of 
different forms, conſtrued of ſheet copper of the 
fame thickneſs, were Placed in cloſed fire-places, 
conſtrulted as nearly as poſſible upon the ſame 

principles, 
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—_ - principles, and were uſed for a length of time- in 
4 the, ſame culinary proceſſes; and the quantity of 
1 Fuel conſumed by each being noted, the compa- 
rative advantages of their different forms were af. 
certained. Some of theſe boilers: were made deep. 
and narrow ;—others wide and ſhallow ; there 
were ſome with flat bottoms others of a globular 
form; and others again with their bottoms drawn 
_ inward like the bottom of a common glaſs bottle. 
The reſults of theſe inquiries were very curious, and 
led me to a moſt intereſting diſcovery :—They 
taught me not only what forms are beſt for boilers ; 
but alſo (what is ſtill more intereſting) why one 
form is preferable to another :—They gave me 
much new light with reſpect to the manner in which 
flame and hot vapour part with their heat; and 
ſuggeſted to me the idea of a very important im- 
provement in the internal conſtruction of fire- 
places, which [ have ſince Put in ee with great 1 
bY ſucceſs. | | | 
But in order to be able to explain this matter in 
a a clear and ſatisfactory manner, and to render it 
eaſier to be underſtood by thoſe who have not been 
much converſant in inquiries of this kind, it will be 
neceſſary to go back a little, and to treat the ſubject 
under cyntderation 1 in a more . and ſcientific 
manner. 


Though it was not my intention originally to 
write an elementary treatiſe on Heat, yet, as the firſt 
or tundamental principles of that ſcience are neceſ- 


n to be nn. in order to eſtabliſn 1 ſolid 
grounds 
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grounds het practical rules and directions relative 


. to the Management of Heat which will hereafter be 


recommended, it will not, I truſt, be deemed ' either 
impr oper or ſuperfluous, to take a more extenſive 
view of the ſubject, and to treat it methodically, and 
at ſome length. 

J have perhaps already expoſed myſelf to cri- 
ticiſm, by paying ſo little attention to method in 
this Eſſay, as to poſtpone ſo long the inveſtigation 
of the elementary principles of the ſcience I have 
undertaken to treat.—It may be thought that the 
part of the ſubje& I am now about to conſider 


ſhould have preceded all other inveſtigation ;—that 


' Inſtead of occupying the middle of my book, it 


ought to have been diſcuſſed in the Introduction, | 


or-at leaſt to have been treated in the beginning of 
the firſt chapter :—But if I have been guilty of a 
fault in the arrangement of my ſubject, it has ariſen 


not from inattention, but from an error of judg- 


ment. Deſirous rather of writing an vfeful book, 
than of being the Author of a /p/endid performance, 
I have not ſcrupled to tranſgreſs the eſtabliſhed rules 
of elegant compoſition in all caſes where I thought it 
would contribute to my main deſign, public utility : 
—And well aware that my book, in order to its 
being really uſeful, muſt be read by many who have 
neither time nor patience to labour through an ele- 
mentary treatiſe upon ſo abſtruſe a ſubject, I have 
endeavouted to decoy my reader into the ſituation 
in which I wiſh him to be placed, in order to his 
having a complete view of the proſpe& I have pre- 
„ >. - on D | pared 
= | 
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pared for him; rather than to force him into it. If 


I have uſed art in doing this, he muſt forgive me; 


my' deſign was not only innocent, but ſuch as ought 


to entitle me to his thanks and to his eſteem. 1 


wiſhed to entice him on as far as poſſible, without. 
letting him perceive the difficulties of the road; and 
now that we have come on together fo far, 00 are 
ſo near our journey's end, I hope and truſt that he 
* not leave me.— To proceed therfare— 
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Of the GENERATION © OF Haar in | the CoMBUSTION | 


or FutL.—Without knowing what Heat really 
ts, the Laws of its Action may be inveſtigated. — 
Probability that the Heat generated in the Combuſ- 
tion of Fuel is furniſhed by the Air, and not by the 


Fuel. —E fects of blowing a Fire explained.—Of 
Tire. placer i in which the Fire is made to blow itſelf. 


—Of- Air-furnaces.—T heſe Fire-places illuſtrated 


by a Lamp on Argand”s Principle. Great Import- 
ance of being able to regulate the Quantity of Air 
which enters a cloſed Fire-place,— Utility of Damp-. 
ers in the Chinmies of cloſed Fire- places. General 


Rules and Directions for conſtructing cloſed. Fire- 


places; with a full Explanation of the Principles 


on which theſe EE are founded. 


Winnon entering into thoſe abſtruſe and mad : 
difficult inveſtigations reſpecting the Na- 
ture of Fizz, which have employed the atten- 


tion and divided the opinions of ſpeculative philo- 


ſophers in all ages; — without even attempting to 
determine whether there be ſuch a thing as an ig. 
neous fluid, or not; — whether what we call Heat be 
occaſioned by the accumulation, or by the increaſed 


action of ſuch a fluid; or whether it ariſes merely 


from an increaſed motion in the component par. 
| p * „ men 
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ticles of the body heated, or of ſome elaſtic fluid by 
which thoſe particles are ſuppoſed to be ſurround- 
ed, and upon which they are ſuppoſed to act, or by 
which they are ſuppoſed to be acted upon :—In 
ſhort, without bewildering myſelf and my reader 
in this endleſs labyrinth of darkneſs and uncer- 
tainty, I ſhall confine my inquiries to objects more 
_ uſeful, and which are clearly within the reach of 
human inveſtigation namely, the diſcovery of 
the ſenſible properties of Heat, and of the molt 
advantageous methods of generating it, and of di- 
recting it with certainty and effect in thoſe various 
proceſſes in which it is ee in the N of 
human life. 
Though I do not undertake to althraine qohat 

Heat really. is, nor even to offer any opinions or 
conjectures relative to that ſubject; yet as Heat is 


evidently ſomething capable of being excited or 


generated, increaſed or accumulated, meaſured 
and transferred from one body to another; in treat- 
ing the ſubject, I ſhall ſpeak of it as being gene- 
rated, confined, directed, aijperſed, &c.; it being 
neceſſary to uſe theſe terms in order to make aq porn 
underſtood. | 

Though it is not known aa how much Heat 
it is poſſible to produce in the combuſtion of any 
given quantity of any given kind of Fuel, yet it is 
more than probable that the quantity depends in a 
great meaſure on the Management of the Fire. 
It is likewiſe probable—1 might ſay, certain that 


the Heat produced is furniſned, not t merely by the 
| Fuel, 
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Fuel, but in a great meaſure, if not entirely, by 
the air by which the Fire is fed and ſupported. 
It is well known that air is neceſſary to combuſtion; 

it is likewiſe known that the pure part of common 


5 atmoſpheric air, or chat part of it (amounting to 


about + of its whole volume) which alone is capable 
of ſupporting the combuſtion of inflammable bo- 


dies, undergoes a remarkable change, or is actuallß 8 


decompoſed in that proceſs; and as in this decompo- 
ſition of pure air a great quantity of heat is known 
to be ſet looſe, or to become redundant, it has been 
ſuppoſed by many, (and with much appearance of 
Probability, ) that by far the greater part, if not all 
the heat produced in the combuſtion of inflammable 
bodies, is derived from this ſource. 

But whether it be the air, or the Fuel, which fe 
niſhes the heat, it ſeems to be quite certain that the 
quantity furniſhed depends much upon the Ma- 
nagement of the Fire, and that the quantity is greater 
as the combuſtion or decompoſition of the Fuel is 
more complete. In all probability, the decompo- 
ſition of the air keeps pace with the een | 
of the Fuel. 

It is well known that the conſumption of Fuel is 
much accelerated, and the intenſity of the heat 
augmented, by cauſing the* air by which the com- 
buſtion is excited, to flow into the fire- place in a 

continued ſtream, and with a certain degree of ve- 
locity. Hence, blowing a fire, when the current of 
air is properly directed, and when it is not too 
ſtrong, ſerves to accelerate the combuſtion, and to 


increaſe the heat; but when the blaſt is improperly 
N 5 D 3 N — 
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directed, it will rather ſerve to derange and to im- 
pede the combuſtion than to forward it; and when 
it is too ſtrong it will blow the Fire quite out, or 
totally extinguiſh it. There is no Fire, however in- 
tenſe, but may be blown out by a blaſt of air, pro- 
vided it be ſufficiently ſtrong, and that as infallibly 
as by a ſtream of cold water. Even gun- powder, 
the moſt inflammable perhaps of known ſubſtances, 
may be actually on fire at its ſurface, and yet the 
Fire may be blown out and extinguiſhed before the 
grain of powder has had time to be e con- 
ſumed. 
This fatt, however etiincrdhary and incredible 
it may appear, I have proved by the moſt unex- 
ceptionable and concluſive experiments *. 

Fire- places may be ſo conſtructed that the Fire 
may be made to blow itſelf, or—which is the ſame 
thing—to cauſe a current of air to flow into the 
Fire: And this is an object to which the greateſt 
attention ought to be paid in the eonſtruction of all 
fire-places where it is not intended to make uſe of 
an artificial blaſt from bellows for blowing the Fire. 
Furnances conſtructed upon this principle have been 
called air. furnaces; but every fire- place, and par- 
ticulary every cloſed fire- place, ought to be an 
air- furnace, and that even were it intended to ſerve 
only for the ſmalleſt lauge: pan, otherwiſe i it cannot 
be perfect. | 

An Argand's lamp is a 8 upon this con- 
ſtruction; tor the ——_ tube which ſurrounds the 
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wick (and which diſtinguiſhes this lamp from all 

others) ſerves merely as a blower. The circular 
form of the wick is not eſſential; for by applying 
a flatted glaſs tube as a blower to a lamp with a flat 
or riband wick, it may be made to give as much 
light as an Argand's lamp; or at leaſt quite as 
much in proportion to the ſize of the wick, and to 
the quantity of oil conſumed, as 1 have found by 
actual experiment. | 
But it is not the light alone that is increaſed in 
conſequence of the application of theſe blowers; 
the heat alſo is rendered much more intenſe ;—and 
as the heat of any fire may be increaſed by a ſimilar 
contrivance, on that account it is that I have had 
recourſe to theſe lamps to aſſiſt me in explaining 
the ſubje& under conſideration. In theſe lamps 
the fire-place is cloſed on all ſides, and the current 

of air which feeds the Fire riſes up perpendicularly 
from below the fire- place into the Fire. By ſur- 

rounding the Fire on all ſides by a wall, the cold 
atmoſphere is prevented from ruſhing in laterally 
from all quarters to ſupply the place of the heated 
air or vapour, which, in conſequence of its in- 
creaſed elaſticity from the heat, continually riſes 
from the Fire, and this cauſes the current of 
air. below (the only quarter from which it can 
with advantage w_ Into the Fire) to be very 
| * 

But in order that a fire- place may be perfect, it 

ſhould be ſo contrived that the combuſtion of the 


eg and the generation of the heat, may occa- 
3 ſionally 


3 
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b | fionally be accelerated or retarded, without adding 
3 10 gr. diminiſhing the quantity of Fuel ; and, when 
f [ the fire place is cloſed, this may cafily be done by 
| means of a regiſter in the door which cloſes the paſ- 
i ſage leading to the aſh- pit; — for, as the rapidity of 
0 the combuſtion depends upon the quantity of air 
1 by which the Fire is fed, by opening the regiſter 
1 more or leſs, more or leſs air will be admitted into 
ih the fire-place, and conſequently more or leſs Fuel 
1 will be conſumed, and more or leſs heat generated 
1 in any given time, though the quantity of Fuel 
it, in the fire-place be actually much greater than 
1 what otherwiſe would be ſufficient.— Fig. 9. ſhews 
5 the form of the regiſter I commonly uſe for this 
Fg purpoſe. | 
5 | In order that this regiſter may produce i its pro- 
e per effect, a valve, or a damper, as it is commonly 
3 called, ſhould be placed in the chimney or canal 
_ by which the ſmoke is carried off; which damper 
ng A ſhould be opened more or - leſs, as the quantity of 
1 air is greater or leſs which is admitted into the fire- 
1 19 place. This regiſter and this damper will be found 
— very uſeful in another reſpect, and that is, in put- 
ny ting out the Fire when there is. no longer an occa- 
9 iq | fion for it; for, upon cloſing them both entirely, 
| 1 | the Fire will be immediately extinguiſhed, and the 
108; halt-conſumed Fuel, inſtead of being ſuffered to 
bk 1f Surn out to no purpoſe, will be ſaved. _ 
40 Nearly the ſame effects as are produced by a 
1 damper may be produced without one, by cauſing 
7 the {moke, after it has e the fire- place, to 
1 4 . deſcend 
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deſcend ſeveral feet below the level of the grate on 
which the Fuel is burned, before it is Nn to 
go up the chimney. | 

_ There is another circumſtance of mak import⸗ 


ance which muſt be attended to in the conſtruction : 


of fire-places; and that is, the proper diſpoſition of 


the Fuel; for in order that the combuſtion may go 


on well, it is neceſſary, not only that the Fuel be in its 
proper place, but alſo that it be properly diſpoſed 


—that is to ſay, that the ſolid parts of the Fuel be 
of a juſt ſize, and that they be not placed tdo near 


each other, ſo as to prevent the free paſſage of the 
air between them, nor too far aſunder; and if the 
fire · place can be ſo contrived, that ſolid pieces of 


the inflamed Fuel, as they go on to be diminiſhed 


in ſize as they burn, may naturally fall together in 


the center of the fire-place without any aſſiſtance, it 
will be a great improvement, as I have found by. 


experience. This may be done, in ſmall fire- places, 
(and in theſe it is more particularly neceſſary,) by 
burning the Fuel upon a grate in the form of a 
ſegment of a hollow ſphere, or of a diſh. ' (See the 


Figures 3 and 4. Plate I.) All thoſe I now uſe, 
except it be for fire-places which are very large, 
are of this form; and where wood is made 


uſe of for Fuel, it is cut into ſmall billets from 4 
to 6 inches in length. Inſtead of a grate of iron, 
I have lately introduced grates, or rather hollow 
diſhes or pans, of earthen ware, perforated with a 


great number of holes for giving a * to the 
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Theſe perforated earthen pans, which are mae 


very thick and ftrong, are incomparably cheaper 


er PO IA II ˙ — — 


than iron grates; and judging from the experience 


have had of them, I am inclined to think they 


anſwer even better than the grates; indeed it ap- 


pears to me not difficult to aſſign a reaſon why _ 
agen DS voter, © 


For large fire-places I have ſometimes uſed 


grates, the bars of which were common bricks 
placed edgewiſe, and theſe Ave? been found to 


anſwer very well. 
As only that part 9 of the air which, entering the 


fire-place in'a proper manner, and in a juſt quan- 


tity, and coming into actual contact with the burn- 
ing Fuel, ix decompoſed, contributes to the genera- 
tion of heat; it is evident that all the air that 


finds its way into the fire-place, and out of it again, 
without being decompoſed, is a thief; — that it not 


only contributes nothing to the heat, but being itſelf 


| heated at the expence of the Fire, and going off 


| hot into the atmoſphere by the chimney, occaſions 


an actual loſs of heat; and this loſs is often very 


conſiderable, and the prevention of it is ſuch an 
object, that too much attention cannot be paid to it 


in the conſtruction of fire-places. | 


When the fire-place is cloſed on all ſides by a 


wall and when the opening by which the Fuel ts 


introduced is kept cloſed, no air can preſs in late- 
rally upon the Fire; but yet, when the grate is 
larger than the heap of burning Fuel, which muſt 


often be the caſe, a great quantity of air may in- 


ſinuate 


| mg 
; ff 4 
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ſinuate itſelf by the ſides of the grate into the fire- 
place, without going through the Fire: But when, 
inſtead of an iron 2 a perforated hollow earthen 
pan is uſed, by making the bottom of the pan of a 
certain thickneſs,” 2, 3, or 4 inches, for inſtance, 
and making all the air-holes point to one common 
center, (to the focus or center of the Fire,) this fur- 
tive entrance of cold air into the fire- place will, in 

a great meaſure, be prevented. on 

This evil may likewiſe be prevented when circu- 
lar hollow iron grates are uſed, by narrowing the 
fire place immediately under the grate, in the form 
of an inverted, truncated, hollow cone, the open- 
ing or diameter of which above being equal to the 
internal diameter of the circular rim of the grate, 
and that below (by which the air riſes to enter the 
fire- place) about one-third of that diameter. (See 
the Figure 5. Plate I.) This opening below, 
through which the air riſes, muſt be immediately 
under the center of the grate, and as near to it as 
poſſible; care muſt be taken, however, that a ſmall 
ſpace be left between the outſide or underſide of 
the iron bars which form the hollow grate, and the 

inſide ſurface of this inverted hollow cone, in order 

that the aſhes may ſlide down into the aſh-pit. 1 heſe 
directions are more peculiarly applicable to fire- 
places of a moderate ſize. 

As to the form and ſize of the aſh-pit, theſe 
are matters of perfect indifference, provided, how- 
ever, that it be large enough to give a free paſſage 
to the air neceſſary for feeding the Fire, and that 


the only paſſage into it, by which air can enter, is 
cloſed 
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leaſt difficulty or trouble.” 
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cloſed by a good door furniſhed with a regiſter. 
The neceflity of being completely maſter of the 
paſſage, by which the air enters the ns — 
already been ſufficiently explained. 2 

It is perhaps unneceſſary for me to un Pe 
where perforated' earthen pans: are uſed inſtead of 


| tron grates, the air-holes in the pans ought to be 
rather ſmaller above than below, in order that they 


may not be choaked up by the ſmall pieces: of coal, 
and the aſhes which occaſionally fall e them 


into the aſh-pit. 


One great advantage attending fire. places on the 
conſtruction here propoſed, is, that they ſerve 
equally well for every kind of Fuel. Wood, pit- 
coal, char- coal, turf, &c. may indifferently be uſed, 
and all of them with the ſame facility, and with the 
ſame advantages; or any two, or more, of theſe 
different kinds of Fuel, may be uſed at the ſame 
time without the ſmalleſt inconvenience ;—or the 
Fire having been lighted with dry wood, or any 
other very inflammable material, the heat may at- 
terwards be kept up by cheaper or more ordinary 
Fuel of a more difficult and flow combuſtion. — 


Some kinds of Fuel will perhaps be found moſt ad- 
vantageous for making the pot boil, and others 


for keeping it boiling; and a very conſiderable 
ſaving will probably be found to reſult from paying 
due attention to this circumſtance. When the 
fire-place is ſo contrived as to ſerve equally well for 
all kinds of Fuel, this may be done without the 


I have 


have juſt ſhown, that narrowing that part of 
the fire place which lies below the grate, ſerves 
make the air enter the fire in a more advantageous 
manner. This conſtruction has another advan- 
tage, perhaps ſtill more important; the heat which 
is projected downwards through the openings be- 
tween the bars of the grate, inſtead of being per- 
mitted to eſcape into the aſh-pit, (where it would 
be loſt,) ſtriking againſt the ſides of this inverted 
hollow cone, it is there ſtopped, and afterwards riſes 
into the fire- place again with the current of air 
which feeds the Fire, or it is immediately reflected 
by this conical Turface, and, after two or three 
bounds from ſide to fide, is thrown up I the 
bottom of the boiler. 

But in order to be able to form a clear and 
diſtinct idea upon this ſubject, it is neceſſary to 
examine with care all the circumſtances attending 
the generation of heat in the combuſtion of in- 


flammable bodies, and to ſee in what manner, or 


under what form, the heat generated manifeſts it- 
| felf, and how it may be collected, accumulated, „ 
confined, and directed. 3 | 
This opens a wide field for philoſophical i inquiry; 3 
but as theſe inveſtigations are not only curious and 

| entertaining, but alſo uſeful and important in a 
high degree, I truſt my reader will pardon me for 
requeſting his particular attention while I endeavour 
to do juſtice to this moſt intereſting, but, at the 
ſame time, moſt abſtruſe and moſt difficult part of 
the ſubje& I have undertaken to treat. 
e oa, on: Ws The 
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The heat generated in the. combuſtion of Fuel 
manifeſts itſelf in two ways; namely, in the hot va- 
pour which riſes from the Fire, with which it may 
be ſaid to be combined, and in the calorific rays 
which are thrown off from the Fire in all direc- 
tions;— Theſe rays may, with greater propriety, be 


ſaid to be caloriſic, or capable of generating heat, in 


any body by which they are /topped, than to be 


called hot; for when they paſs freely through any 
medium, (as through a mats of air, for inſtance,) 
they are not found to communicate any heat what- 
ever to ſuch medium; neither do they aper to 
excite any condexable degree of heat in bodies 
from whoſe ſurfaces they are reflected; and in theſe 
reſpects they bear a manifeſt reſemblance to. the 1 8 
emitted by the ſun. 5 
What proportion this radiant * (if may be 
allowed to uſe ſo inaccurate an expreſſion) bears to 


that which goes off from burning bodies in the ſmoke 


and heated vapour, is not exactly known; it is cer- 


tain, however, that the quantity of heat which goes 


V off in the heated elaſtic fluids, viſible and inviſible, 


which riſe from a Fire, is much greater than that 
which all the calorific rays united would be capable 
of producing. But though the quantity of radiant 
heat is leſs than that exiſting as ſenſible Heat in the 
hot vapour, (and which, for the ſake of diſtinction, 


may be called combined heat *,) the former is ſtill 


much, too conſiderable to be neglected. 


0 Iti is evident that by the expreſſion here uſed 6 conbined Heat,” I de 
not mean What has been called latent Meat. 5 
| That 
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and the Economy of Fuel. Mi 


That the heat generated, or excited, by the 
n rays which proceed from burning bodies, 
is in fact conſiderable, is evident from the heat 
which is felt in a room warmed by a chimney 
Fire; for as all the heat, combined with the 
ſmoke and hot vapour, goes up the chimney, 
it is certain that the increaſe of heat in the room, 
occaſioned by the Fire, is entirely owing to the 
calorific rays thrown into it from the OY 
Fuel. 
Ihe activity of theſe rays may be ſhown n 
various ways, but in no way in a more ſtriking 
manner than by the following ſimple Experiment: 
When the Fire burns bright upon the hearth, let 
the arm be extended in a ſtraight line towards the 
center of the Fire, with the hand open, and all the 
fingers extended and pointing to the Fire. If the 
hand is not nearer the Fire than the diſtance of 
two or three yards, except the Fire be very large 
indeed, the heat will be ſcarcely perceptible z but 
if, without moving the arm, the wriſt be bent up- 

wards ſo as to preſent the infide or flat of the hand - 
perpendicular to the Fire, the heat will not only be 
very ſenſibly felt, but, if the Fire be large, and if it 
burns clears and bright, it will be found to be ſo 
intenſe as to be quite inſupportable. 

It is not, however, burning bodies alone that 
emit caloritic rays. All bodies, —thoſe which are 
fixed and incombuſtible, as well as thoſe which are 
inflammable, —fluids as well as ſolids, —are found 
to throw off theſe rays in great abundance, as ſoon 
28 
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as they are heated to that degree which is neceſſary 


to their becoming luminous i in the dark, or till Wr | 
are red-hot. __ 

Bodies even that are heated to a leſs PRO than 
that which is neceſſary to their emitting vi/ible light, 


tend off calorific rays in all directions. This is a 


matter of fact, that has been proved by experi- 
ment. Do all bodies, at all temperatures,—freez- 
ing mercury as well as melting iron, — continually 
emit theſe rays in greater or leſs quantities, or with 


greater or leſs velocities ? Are bodies cooled in 
conſequence, of their emitting theſe rays ?—Do 


theſe calorific rays aways generate heat, even when 
the body, by which they are ſtopped or abſorbed, 
is hotter than that from which the rays proceed- 
ed?—But J forget that I promiſed not to involve 
myſelf in abſtruſe ſpeculation, —To return then :— 


Whatever may be the nature of the rays emitted 


by burning Fuel, as one of their known properties is 
to fgenerate heat, they ought certainly to be very 
particularly attended to in every arrangement in 
which the Economy of Heat, or of Fuel, is a prin- 


þ * object in view. 


As theſe calorific rays generate ben in the body 
by which they are /opped or abſorbed, and not in the 
medium through which they paſs, it is neceſſary to 
diſpoſe thoſe bodies which are deſigned for ſtopping 
them, in ſuch a manner that they may eaſily and 
neceſſarily communicate the heat they thus acquire 
to the body upon which it is intended that it ſhould 


operate. 


The 


The cloſed fire- places which I have recommend- 
ed, and which will hereafter be more particularly 
deſctibed, will anſwer, this purpoſe completely. 
The Fire being cloſed in theſe fire-places on every 
ſide, as well below the grate as laterally, and in 
| ſhort every where, except where the bottom of the 
boiler preſents itſelf to the Fire, none of theſe rays 
can poſſibly eſcape; and as the materials of which 
the fire-place is conſtrued, (bricks and mortar,) 
are bad conductors of heat, but a ſmall part of the 
heat generated in the combuſtion of the Fuel will 
be abſorbed and tranſmitted by them into the inte- 
rior parts of the wall, there to be diſperſed and 
loſt. But the confining of heat is a matter of ſuf- 


ficient importance to deſerve being treated in a ſe- 
parate Chapter. 


and the E conomy of Fuel. 
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of the Means of CONFINING Hear, and DIRECT= 

ING ITs OPERATIONs.—Of Conductors and Non- 

conductors of Heat. Common Atmoſpheric Air a 

good Non- conductor of Heat, and may be employed 

with great Advantage for confining it—is employed 

Be by Nature for that Purpoſe, in many Inſtances —is 
Ihe principal Cauſe of the Warmth of Natural and 
Artificial Clothing—is the ſole Cauſe of the Warmth 

of Double Windows. —Great Utility of Double 
Mindotos and Double Walls—they are equally uſe- 
ful in Hot Countries as in Cold. ALL ELAsTieC 
FLuips Non. conductors of Heat.—STE am proved 

1 by Experiment to be a Non. conductor of Heat.— 
_— * is alſo a Nen candutior of Heat. 


Trat, Har paſſes more freely through ſome 
bodies than through others, is a fa& well 
 _ known; but the caufe of this difference in the con- 
dudting powers of bodies with reſpect to Heat, has 
not yet been diſcovered. _ : 
The utility of giving a wooden handle to a tea- 
pot or coffee- pot of metal, or of covering its metallic 
handle with leather, or with wood, is well known: 
But the difference in the conducting powers of va- 
rious bodies with regard to Heat, may be ſhewn by 
great number of very ſimple experiments ;z—ſuch 
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as are in the power of every one to make at all 
times and in all places, and almoſt without Ather | 
trouble or expence. 

If an iron nail, and a pin of wood, of the fame 
form and dimenſions, be held ſucceſſively in the: 
flame of a candle, the difference in the conducting 
powers of the metal and of wood will manifeſt it- 
ſelf in a manner in which there will be no room 
left for doubt. As ſoon as the end of the nail, 
which is expoſed in the flame of the candle, begins 
to be heated, the other end of it will grow ſo hot as 
to render it impoffible to hold it in the hand with- 
out being burnt; but the wood may be held any 
length of time in the ſame ſituation without the leaſt 
inconvenience; and, even after it has taken fire, 
it may be held till it is almoſt entirely conſumed ; 
for the uninflamed wood will not grow hot, and, 
till the flame actually comes in contact with the 
fingers, they will not be burnt. If a ſmall flip or 
tube of glaſs be held in the flame of the candle in 
the ſame manner, thg end of the glaſs by which it 
is held will be found to be more heated than the 
wood, but incomparably leſs ſo than the pin or nail 
of metal ;—and among all the various bodies that 
can be tried in this manner, no two of them will 
be foiind to give a paſſage to Heat through their 
ſubſtances with exactly the ſame degree of faci- 
lity *. 


To 


: E 45 „ - * | = | 
To ſhow the relative conducting power of the different metals, 
Doctor Ingenhouz contrived a very pretty experiment, He took 
| e . equal 
A 
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To confine Heat is nothing more than to prevent 
its eſcape out of the, hot body in which it exiſts, 
and in which it is required to be retained ; and this 
can only be done by ſurrounding the hot body by 
ſome covering . compoſed of a ſubſtance through 
which Heat cannot paſs, or through which it paſles 
with great difficulty. If a covering could be found 
perfectly impervious to Heat, there is reaſon to be- 
lieve that a hot body, completely ſurrounded by it, 
would remain hot for ever ; but we are acquainted 
with no ſuch ſubſtance ; nor 1s it proven that wy 
fuch exiſts. 

Thoſe bodies in x which Heat paſſes freely or ra- 
pidly, are called Conductors of Heat; thoſe in which 
it makes its way with great difficulty, or very ſlow- 
ly, Non. conductor, or bad ConduQtors of Heat. The 
epithets, good, bad, indifferent, excellent, &c. are 
applied indifferently to conductors, and to non- con- 
duftors. A good conductor, for inſtance, is one in 
which Heat paſles very freely; a good non-con- 
ductor is one in which it paſſes with great difficulty; 
and an indifferent conductor may likewiſe be called, 
without any impropriety, an indifferent non-· con 


. 


equal cylinders of the different metals, (being ſtrait pieces of ſtout 
wire, drawn through the fame hole, and of the ſame length,) and 
dipping them into melted wax, covered them with a thin coating of 
the wax. He then held one end of each of theſe cylinders in boiling 
water, and obſerved how far the coating of wax was melted by the 
Heat communicated through the metal, and with what celerity the 
Heat palled, 
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Thoſe bodies which are the worſt conductors, or 

rather the beſt non-· conductors of Heat, are beſt 
— adapted for forming coverings for confining Heat. 

All the metals are remarkably good conduQors 
of Heat ;—wood, and in general all light, dry, and 
ſpungy bodies, are non-conduCtors : Glaſs, though | 
a very hard and compact body, is a non- conductor. 
Mercury, water, and liquids of all kinds, are con- 
ductors; but air, and in general all elaſtic fluids, 
team even not excepted, are non-conductors. 

Some experiments which TI have lately made, nd 
which have not yet been publiſhed, have induced 
me to ſuſpe& that water, mercury, and all other 
non-elaſtic fluids, do not permit Heat to - paſs 

through them from particle to particle, as it un- 
doubtedly paſſes through ſolid bodies, but that 
their apparent conducting powers depend effen- 
_ tially upon the extreme mobility of their parts; in 
ſhort, that they rather tranſport Heat than allow it 
a paſſage. But I will not anticipate a ſubject which 
{ propoſe to treat more fully at 8 future 
period. 1 
. condu@ing power of any ſolid body i in one 
ſolid maſs, is much greater than that of the ſame 
body reduced to a powder, or divided into many 
| ſmaller pieces: : An iron bar, or an iron plate, for 
inſtance, is a much better conductor of Heat than 
iron filings; and ſaw-duſt is a better non- conductor 
than wood. Dry wood. aſſies is a better non- con- 
duQcr than either; and very dry charcoal reduced 
to a fine powder 1s one of the beſt non-conduCtors 
known; and as charcoal is perfectly incombuſtible 
| » E 3 | when 


. 


r 
275 * 


when confined in a ſpace where freſh air can have 
no accels, it is admirably well calculated for forming 


confined 1s intenſe. 


mon atmoſpheric air. It is what Nature employs 


of the feathers of birds, is undoubtedly owing to 
the air in their interſtices ; which air, being 


4 animal, but which oppoſes an almoſt inſurmount- 
able obſtacle to the eſcape of the Heat of the animal 


| Re, and more attended to, very important im- 


ſpent in guarding ourſelves againſt the extremes of 


moſt important of the arts,—the * of 
Heat! 
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a barrier for confining Heat, where the Heat to be 


But among all the various ſubſtances of which 
coverings may be formed for confining Heat, none 
can be employed with greater advantage than com- 


for that purpoſe; and we cannot do better than to 
imitate her. 
The warmth of the wool and fur of beaſts, and 


ſtrongly attracted by theſe ſubſtances, is con- 
fined, and f6rms a barrier which not only prevents 
the cold winds from approaching the body of the 


into the atmoſphere. And in the ſame manner the 
air in ſnow ſerves to preſerve the Heat of the earth 
in winter. The warmth of all kinds of artificial 
clothing may be ſhown to depend on the ſame 
caule ; and were this circumſtance more generally 


provements in the Managem-nt of Heat could not 
fail to reſult from it. A great part of our lives is 


heat and of cold, and in operations in which the 
uſe of Fire is indiſpenſable; and yet how little 
progreſs has been made in that moſt uſeful and 


8 
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Double windows have been in uſe many years in 
moſt of the northern parts of Europe, and their 
great utility, in rendering the houſes furniſhed with 
them warm and comfortable in winter, is univer- 
fally acknowledged, —but I have never heard that 
any body has thought of employing them in hot 
countries to keep their apartments cool in ſum- 
mer ;—yet how eaſy and natural is this application 
of ſo fimple and ſo uſeful an invention !—If a 
double window can prevent the heat which is in a 

room from paſſing out of it, one. would imagine it 
could require no great effort of genius to diſcover 
that it would be equally efficacious for preventing 
the Heat without from coming in. But natural as 
' this concluſion may appear, I believe it has never 
yet occurred to any body ; at leaſt I am quite cer- 
tain that I have never ſeen a double window either 
in Italy, or in any other hot country I have had oc- 
caſion to viſit *, 

But the utility of double windows and double 
walls, in hot as well as in cold countries, is a mat- 
ter of ſo much Importance that I ſhall take occaſion 
to treat it more fully in another place, In the 
mean time, I ſhall only obſerve here, that it is the 
confined air ſhut up between the two windows, and 
not the double glaſs plates, that renders the paſſage 


* When double windows are uſed in hot countries, to keep dwell- 

ing-houſes cool, great care muſt be taken to ſcreen tho'e windov s 
from the ſun's direct rays, and even from the ſtrong light of day, 
Qtherwiſe they will produce effects directly contrary to theſe intended. 
his may eaſily be done, either by Venetian blinds or by awningyg, 
In all caſes where rooms are to be kept cool in hot weather, the 
teſs light that is pe: mitted to enter them, the cooler they will be. 
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of Heat through them ſo difficult. Were it owing 


to the increaſed thickneſs of the glaſs, a ſingle pane 

of glaſs twice as thick would anſwer the ſame pur- 

poſe ; but the increaſed thickneſs of the glaſs of 
which a window i is formed, is not found to have any 
ſenſible effect in rendering a room warmer. 


But air is not only a non - conductor of Heat, but 


its non-· conducting power may be greatly increaſed. 
To be able to form a juſt idea of the manner in 


which air may be rendered a worſe conductor of 
Heat, or, which is the ſame thing, a better non- 
conductor of it than it is in its natural unconfined 
ſtate, it will be neceſſary to conſider he manner in 


which Heat paſſes through air. Now it appears, 


from the reſult of a number of experiments which 


I made with a view to the inveſtigation of this ſub- 


ject, and which are publiſhed in a Paper read be- 


fore the Royal Society “, that though the particles 


of air, each particle for iſe can receive Heat from 
other bodies, or communicate it to them, yet there is 


no communication of Heat between one particle of 
air and another particle of air. And from, hence it 


follows, that though air may, and certainly does, 


carry off Heat, and tranſport it from one place, or 


from one body to another, yet a maſs of air in a 


quieſcent ſtate, or with all its particles at reſt, could 


it remain in thai Hare, — would be totally impervious 
to Heat; or ſuch a maſs of air would be a perfect 


| non- conductor. 


Nov if heat paſſes in in a maſs os air merely in con- 
ſequence of the motion it occaſions in that air,—if 


® Sce the Philoſophical Tranſaftiens, 1792. 


it 


if 
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it by b not ſuffered to paſs,—1n that caſe, 
it is clear, that whatever can obſtruct and impede. 
the internal motion of the air, muſt tend to dimi- 
niſh its conducting power: And this I have found 
to be the caſe in fact. I found that a certain quan- 
tity of Heat which was able to make its 2 through 
a wall, or rather a ſheet of confined air 4 an inch 
thick in 94 minutes, required 215 minutes to make 
its way through the ſame wall, when the internal 
modem of this air was impeded by mixing with it 
77 part of its bulk of eider- down, — of very fine fur, 
or of fine ſilk, as ſpun by the worm. 
But in mixing bodies with air, in order to im- | 
pede its internal motion, and render it more fit for 
confining Heat, ſuch bodies only muſt be choſen as 
are themſelves non-conductors of Heat, otherwiſe 
they will do more harm than good, as I have found 
by experience. When, inſtead of making uſe of 
_ eider-down, fur, or fine ſilk, for impeding the inter- 
nal motion of the confined air, I uſed an equal 
volume of exceedingly fine ſilver-wire flatted, (be- 
ing the ravellings of gold or filyer lace,) the paſſage 
of the Heat through the barrier, ſo far from being 
impeded, was remarkably facilitated by this addi- 
tion; the Heat paſſing through this compound of 
air and fine threads of metal much ſooner than it 
would have made its way through the air alone. 
Another circumſtance to be attended to in the 
choice of a ſubſtance to be mixed with air, in order 
to form a covering or barrier for confining Heat, is 
the fineneſs or ſubtility " its parts; for the finer 
| they 
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they are, the greater will be their ſurface in propor- 
tion to their ſolidity, and the more will they impede 
the motions of the particles of the air. Coarſe 
horſe- hair would be found to anſwer much worſe 
for this purpoſe than the fine fur of a beaver, 
though it is not probable that there is any eſſential 
difference in the chymical properties of thoſe two. 
kinds of hair. 

But it is not only the Een of he parts of: a 
ſubſtance, and its being a non- conductor, which 
render it proper to be employed in the formation 
of covering to confine Heat ;—there is ſtill another 
property, more occult, which ſeems to have great 
influence in rendering ſome ſubſtances better fitted 
for this uſe than others; and this is à certain at- 
traction which ſubſiſts between certain bodies and 
air. The obſtinacy with which air adheres to the 
fine fur of beaſts and to the feathers of birds, is 
well known; and it may eaſily be proved that this 
at traction muſt aſſiſt very powerfully in preventing 
the motion of the air concealed in the interſtices of 
thoſe ſubſtances, and conſequently in rein, the 
paſſage of Heat through them. f 
Perhaps there may be another ſtill more hidden 
cauſe which renders one ſubſtance better than an- 
other for confining Heat. I have ſhown by a direct 
and unexceptionable Experiment, that Heat can 
pals through the Torricellian vacuum *, though 
with rather more difficulty than in air r (the con- 


* See my Experiments on Heat, publiſhed in the Philoſophical 
Tranlactions, vol. Ixxvi. 


ducting 


N 5 : 
4 7 

F 1 

. 4 

. 


and the Economy F Fuel. 59 | 


dating power of air being to that of a Toto. 
lian vacuum as 1000 to 604, or as 10 to 6, very 
nearly); but if Heat can paſs where there is no air, 

it muſt in that caſe paſs by a medium more ſubtile 

than air; a medium which moſt probably per- 
voades all ſolid bodies with the greateſt facility, and 

which muſt certainly pervade either the glaſs or the 

mercury employed. in making a Torricellian va- 
cuum. 

Now, if there axith a medium more ſubtile than 
air, by which Heat may be conducted, is it not poſ- 
ſible that there may exiſt a certain affinity between 

that medium and ſenſible bodies? a certain attrac- 
tion or coheſion by means of which bodies in gene- 
ral, or ſome kinds of bodies in partieular, may, 
ſome how or other, impede this medium in its ope- + . 
rations in conducting or tranſporting Heat from one 
place to another? It appeared from the reſult of 
ſeveral of my Experiments, of which I have given 
an account in detail in my paper before mentioned, 
publiſhed in the year 1786 in the Lxxvith Vol. of 
the Philoſophical Tranſactions, that the conducting 55 
power of a Torricellian vacuum is to that of air as 
604 to 1000: but I found by a ſubſequent Ex- 
periment, (ſee my ſecond Paper on Heat, publiſhed | 
in the Philoſophical Tranſactions for the year 
1792, —that 55 parts, in bulk:of air, with 1 part 
of fine raw ſilk, formed a covering for confining. 
Heat, the conducting power of which was to that 
of air as 576 to 1284; or as 448 to 1000. Now, 
from the reſult of this laſt- mentioned Experiment, 
| it 


2 


1 Of the Management of Fi re, 


it ſhould ſeem that the introduction into the ſpace 
through which the Heat paſſed, of ſo ſmall a quan- 
tity of raw ſilk as 2; part of the volume, or capa- 
city of that ſpace, rendered that ſpace (which now 
contained 55 parts of air and 1 part of filk) more 


' " impervious to Heat than even a Torricellian va- 


cuum.— The ſilk muſt therefore not only have 
completely deſtroyed the conducting power of the 
air, but muſt alſo at the ſame time have very ſenſi- 
bly impaired that of the etherial fluid which pro- 
bably occupies the interſtices of air, and which 
ſerves to conduct Heat through a Torricellian va- 
cuum: For a Torricellian vacuum was a better 
conductor of Heat, than this medium, in the pro- 
portion of 604 to 448. But I forbear to enlarge 
upon this ſubject, being ſenſible of the danger of 
reaſoning upon the properties of a fluid whoſe ex- 
iſtence even is doubtful; and feeling that our 
knowledge of the nature of Heat, and of the man- 
ner in which it is communicated from one body to 
another, is much too imperied and obſcure to en- 
able us to purſue theſe ſpeculations with any pro- 
{pet of ſucceſs or advantage. 

Whatever may be the manner in which: Heat is 
communicated from one body to another, I think it 
has been ſufficiently proved that it paſſes with great 
difficulty through confined air; and the knowledge 
of this fact is very important, as it enables us to 
take our meaſures with certainty and with facility 
for confining Heat, and eee its operations to 
uſeful purpoſes. 


But 
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But atmoſpheric air is not the only non- conductor 
of Heat. All kinds of air, artificial as well as na- 
tural, and in general all elaſtic fluids, team not 
excepted, ſeem to poſſeſs this properly in as high a 
degree of perfection as atmoſpheric air. 

That ſteam is not a conductor of Heat, I proved 
by the following Experiment: A large globular 
bottle being provided, of very thin and very tranſ- 
parent glaſs, with a narrow neck, and its bottom 
drawn inward ſo as to form a hollow hemiſphere 
about 6 inches in diameter ; this bottle, which was 
about 8 inches in diameter externally, being filled 
with cold water, was placed in a ſhallow diſh, or 
rather plate, about 10 inches in diameter, with a 
flat bottom formed of very thin ſheer braſs, and 
raiſed upon a tripod, and which contained a ſmall 
quantity (about - of an inch in depth) of water; 
a ſpirit lamp being then placed under the middle of 
this plate, in a very few minutes the water in the 

plate began to boil, and the hollow formed by the 
bottom of the bottle was filled with clouds of ſteam, 
which, after circulating in it with ſurpriſing ra- 
pidity 4 or 5 minutes, and after forcing out a good 
deal of air from under the bottle, began gradually 
to clear up. At the end of 8 or 10 minutes (when, 
as I ſuppoſed, the air remaining with the ſteam in 
the hollow cavity formed by the bottom of the 
battle, had acquired nearly the ſame temperature 
as that of the ſteam) theſe: clouds totally diſap- 
peared; and, though the water continued to boil 
with the utmoſt violence, the contents of this hol- 
55 | low 
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low cavity became ſo perfectly inviſible, and fo 
little appearance was there of ſteam, that, had it 


not been for the ſtreams of water which were con- 


tinually running down its ſides, I ſhould almoſt 
have been tempted to doubt whether " ſteam was 
actually generated. 


Upon lifting up for an inſtant one ſide of the 


bottle, and letting in a ſmall quantity of cold air, 
the clouds inſtantly returned, and continued circu- 
lating ſeveral minutes with great rapidity, and then 
gradually diſappeared as before. This Experiment 
was repeated ſeveral times, and always with the 


fame reſult; the ſteam always becoming viſible 


when cold air was mixed with it, and afterwards 
recovering its tranſparency when, part of this air 


being expelled, that which remained had acquired 


the temperature of the ſteam. 
Finding that cold air introduced War the bottle 


_ cauſed the ſteam to be partially condenſed, and 


clouds to be formed, I was deſirous of ſeeing what 
viſible effects would be produced by introducing a 


cold ſolid body under the bottle. I imagined that 


if ſteam was a conductor of Heat, ſome part of the 


Heat in the ſteam paſſing out of it into the cold 
body, clouds would of courſe be formed ; but I 
thought if ſteam was a non- conductor of Heat, — 


that 1s to lay, if one particle of team could not cone 
municate any part of its Heat to its neighbouring par- 
ticles, in that caſe, as the cold body could only 


affect the particles of ſteam actually in contact with 


i, no cloud would appear; and the reſult of the 
Expe- 
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Experiment ſhewed that ſteam is in fact a non- con- 
duftor of Heat; for, notwithſtanding the cold body 


uſed in this Experiment was very large and very 


cold, being a ſolid lump of ice nearly as large as 
an hen's egg, placed in the middle of the hollow 
cavity under the bottle, upon a ſmall tripod or 
ſtand made of iron wire; yet as ſoon as the clouds 
which were formed in conſequence of the unavoid- 
able introduction of cold air in lifting up the bottle 
to introduce the ice, were diſſipated, which ſoon 
happened, the ſteam became ſo perfectly tranſparent 
and | inviſible, that not the ſmalle/# appearance of 


cloudineſs was to be ſeen any where, not even about 


the ice, which, as it went on to melt, appeared as 


clear and as tranſparent as a piece of the fineſt rock 


cryſtal. 

This Experiment, which I firſt made at Florence, 
in the month of November 1793, was repeated 
| ſeveral times in the preſence of Lord Palmerſton, 
who was then at Florence, and Monſ. de Fontana *. 

2 In 

* The bottle made uſe of in this Experiment, though it appeared 
very large externally, contained but a very ſmall quantity of water, 
owing to its bottom being very much drawn inwards, As the hol“ 
low cavity under the bottle of the bottle (which, as I juſt obſerved, 
was nearly in the form of a hemiſphere, and 6 inches in diameter) 


ſerved as a receiver for confining the ſteam which roſe from the 
boiling water in the plate, it may perhaps be imagined that a common 


glals receiver in the form of a bell, ſuch as are uſed in Pneumatical | 


Experiments, might anſwer as well as this bottle; 1 thought ſo my- 
ſelf, but upon making the experiment J fou d my miſtake. A 
common receiver will anſwer per fectly well for confining the ſteam, 
but the glaſs ſoon becomes ſo hot that the drops of water which are 
formed upon its internal ſw face, in conſequence of the condenſation 
of the ſteam, inſtead of running down the fades of the receiver in clear 
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In theſe Experiments the air was not entirely ex- 
pelled from under the bottle; on the contrary, a 
conſiderable quantity of it remained! mixed with 
the ſteam even after the clouds had totally diſap- 


| peared, as I found by a particular Experiment 


made with a view to aſcertain that fact; but that 
circumſtance does not render the reſult of this Ex- 


periment leſs curious, on the contrary I think it 


tends to make it more ſurpriſing. It ſhould ſeem 


that neither the maſs of ſteam, nor that of air, were 


at all cooled by the body of ice which they ſur- 


rounded, for if the air had been cooled, (in maſs,) | 


it ſeems highly 3 that the clouds would have 


returned. 


The reſults of theſe Experiments compared with 


thoſe formerly alluded to, in which I had endea- 
voured to aſcertain the moſt advantageous forms 


for boilers, opened to me an entirely new field for 
ſpeculation and for improvement in the Manage- 
ment of Fire. They ſhewed me that not only cold 


air, but alſo hot air, and hot ſteam, and hot mix- 
tures of air and ſteam, are non- conductors of 


Heat; conſequently, that the hot vapour which 


tranſparent ſtreams, form blotches and ſtreaks, which render the glaſs 
o op2que that nothing can be ſeen diſtinctly through it; and this of 
courſe completely fruſtrates the main deſign. of the Experiment; but 

the cold water in the bottle keeping the glaſs cool, the condenſation of 


the ſteam upon the ſides of the nollow cavity 8 by the bottom 


of the bottle, goes on more regularly, and the ſtreams of water which 


are continually running down the ſides of the glaſs, uniting together, 
form one tranſparent ſheet of water, by which means every thing that 


goes on under the bottle OF be diſtinctly ſeen. 
riſes 
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| riſes from burning fuel, and even the flame wel, 


is a non. conductor of Heat. 

This may be thought a bold aſſertion, but a little 
calm reflection, and a careful examination of the 
phenomena which attend the combuſtion of Fuel, 
and the communication of Heat by flame, will ſhow 
it to be well-founded ; and the advantages that may 
be derived from the knowledge of this fact are of 
very great importance indeed. But this ſubject 
deſerves to be thoroughly inveſtigated. 1 


A 
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Of the MANNER in which Hear is COMMUNI- 
CATED by FLAME fo other Bodies. — Flame acts on 
Bodies in the ſame mamier as a hot Wind.—The 
Effect of a Blow-pipe.in increaſing the Activity of 

. Flame explained, and illuſtrated by Experiments. — 
A Knowledge of the Manner in which Heat is 
communicated by Flame neceſſary in order to deter- 
mine the moſt advantageous Forms for Boilers. — 
General Principles on which Boilers of all Dimen- 
= ons 10 10 te Neg 0-1 


fs fans be italy vapour, or a mixture of 
air and ſteam heated red-hot, as air and team 
are both non-conductors of heat, there ſeems to be 
no difficulty in conceiving that Flame may, not- 
withſtanding its great degree of heat, ſtill.retain the 
properties of its component fluids, and remain 4 
non. conductor of Heat. The non- conducting power 
of air does not appear to be at all impaired by be- 
ing heated to the temperature of boiling water; 
and I ſee no reaſon why that property in air, or in 
any other elaſtic fluid, ſhould be impaired by any 
- augmentation of temperature however great. If 
ſteam, or if air, at the temperature of 212 degrees 
of Fahrenheit's thermometer, be a non- conductor 
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of heat, why ſhould it not remain a non- conductor 
at that of 1000 degrees, or when heated red-hot ? 


I confeſs I do not ſee how a body could be deprived 


of a property ſo eſſential, without being at the ſame 
time totally changed; and I believe nobody will 
imagine that either air or ſteam undergo any chy- 
mical change merely oh being heated to the tempera- 
ture of red-hot iron. But without inſiſting upon 


theſe reaſonings, however concluſive I may think 


them, I ſhall endeavour to ſhow, from experiment 
and obſervation, in ſhort to prove, that Flame is in 


fact a non- conductor of Heat. 


Taking for granted, —what I imagine will not 
be denied, - that air is a non- conductor of heat, at 


leaſt in the ſenſe J have uſed that appellation, I ſhall 
. endeavour to ſhow that Flame a&s preciſely i in the 


lame manner as a hot wind would do in commu- 


: nicating heat, and in no other way; and if I ſuc- 


ceed in this, I fancy I may conſider the n 
as ſufficiently proved. 

The effect of a blaſt of cold air in cootkby any 
hot body expoſed to it is well known, and the 
cauſes of this effect may eaſily be traced to that 


property of air which renders it a non- conductor 


of heat; for if the particles of cold air in contact 
with a hot body, could, with perfect facility, give 
the heat they acquire from the hot body to other 


particles of air by which they are immediately 
ſurrounded, and theſe again to others, and ſo on, 


the heat would be carried off as faft as the hot body 


| could part with it, and any motion of the particles 
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of the air,—any wind, or blaſt, would not ſenſibly 


facilitate or haſten the cooling of the body; and 


by a parity of reaſoning it may be ſhown, that if 


Flame were in fact a perfect conductor of heat, any 


cold body plunged into it would always be heated 
as faſt as that body could receive heat; and neither 


any motion of the internal parts of the Flame, nor 
the velocity with which it impinged againſt the cold 
body, could have any ſenfible effect either to faci- 
| litate or accelerate the heating of the body. But if 
Flame be a non- conductor of heat, its action will 
be exactly ſimilar to that of a hot wind, and con- 
fequently much will depend upon the manner in 
which it is applied to any body intended to be 


heated by it.—Thoſe particles of it only which are 


in actual contact with the body will communicate 


| heat to it; and the greater the number of different 


E of the Flame that are brought into con- 
tact with it, the greater will be the quantity of heat 
communicated : Hence the importance of cauſing 


the Flame to impinge with force againſt the body to 


be heated, and to ſtrike it in ſuch a manner that its 
current may be broken, and that whurlpools may be 
formed in it; for the rapid motion of the Flame 
cauſes a quick ſucceſfion of hot particles; and ad- 
mitting our aſſumed principles to be true, it is quite 
evident that every kind of internal motion among 
the particles of the Flame by which it can be agita- 
ted, muſt tend very powerfully to accelerate 90 
communication of the heat. - 
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: The effect of a blow- pipe is well known, but 1 
do not think that the manner in which it increaſes 
the action of Flame has ever been ſatisfactorily ex- 
plained. It has generally been imagined, I be- 
lieve, that the current of freſh air which is forced 


chrough the Flame by a blow-pipe actually increaſes 


the quantity of heat; I rather ſuppoſe it does little 
more than direct the heat actually exiſting in the 
Flame to a given point. A current of air cannot 
generate heat, without at the ſame time being de- 

compoſed; and in order to its being decompoſed 
in a fire, it muſt be brought into actual contact 
with the burning Fuel, or at leaſt with the unin- 
flamed inflammable vapour which riſes from it 
But can it be ſuppoſed that there can be any thing 

inflammable, and not actually inflamed, in the 
clear, bright, and perfectly tranſparent Flame of a 
Wax candle A blow. pipe has however as ſenſible 
an effect, when directed againſt the clear Flame of a 
wax candle, as when it is employed to encreaſe the, 
action of a common glaſs-worker's lamp. 

Conceiving that the diſcovery of the manner in 

which the current of air from a blow pipe ſerves to 
increaſe the intenſity of the action of the Flame 
could not fail to throw much light upon the ſub- 
ject under conſideration, — namely, the inveſtiga- 
tion of the manner in which heat is communicated 
to bodies by Flame, I made the following Expe- 
riments, the reſults of which I conceive to be de- 
ciſiye. 


. Concluding 
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Concluding that the current of air from a bw 
pipe, directed againſt the Flame of any burning 
body, could tend to increaſe the intenſity of the 
action of the Flame only in one or both of theſe two 
ways, namely, by increaſing its action upon the 


body againſt which it is directed; or by actually 


increaſing the quantity of heat generated in the 


combuſtion of the Fuel; a method occurred to me 


by which I thought it poſſible to determine, by ac- 
tual experiment, to which of theſe cauſes the effect 
in queſti ſtidn i is owing, or how much each of them 
might contribute to it. To do this I filled a large 
bladder, containing above a gallon, with fixed air, 
which, as is well known, is totally unfit for ſup- 
porting the combuſtion of inflammable bodies, and 
which, of courſe, could not be ſuſpected of adding 
any heat to a Flame againſt which a current of it 
ſhould be directed; I imagined. therefore that if a 
blow pipe ſupplied with this air, on being directed 
a againſt the Flame of a candle, ſhould be found to 
produce nearly the ſame effect as when common 
air is uſed for the ſame purpoſe, it would prove to 
a demonſtration that the augmentation of the in- 
tenſity of the action, or activity of the Flame which 
ariſes from the uſe of a blow-pipe, i is owing to the 
agitation. of the Flame,—to its being « directed to a 
point, — to the impetuoſity with which it is made 
to ſtrike againſt the body that is heated by it, — 
and to the rapid ſucceſſion of freſh particles of this 


hot vapour, and not to any 2 tive increaſe of heat. 
A blow- 
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-A plow-pipe being attached to the bladder con- 
' Wers fixed air, the end of this pipe was directed 
to the clear brilliant flame of a wax candle, which 
had juſt been ſnuffed; and, by compreſſing the 
bladder, the Flame was projected againſt a ſmall 
tube of glaſs, which was very ſoon made red. hot, 
and even melted. 

Having repeated this Experiment ſeveral times, 
and having found how long it required to melt the 
tube when the Flame of the candle. was forced 
againſt it by a blaſt of fxed air, I now varied the 
-experiment, by making uſe of common atmoſpheric 
air, inſtead of fixed air; taking care to employ the 
ſame candle and the ſame blow-pipe uſed in the for- 
mer experiments, and even making uſe of the 


bladder, in order that the experiments being ex- 


actly ſimilar, and differing only in the kinds of air 
made uſe of, the effect of that difference might be 
diſcovered and eſtimated. 

The reſults of theſe experiments were very 
intereſting; and proved in a deciſive manner, 
that the effect of a blow- pipe, when applied to clear 
Flame, ariſes not from any real augmentation of 
heat, but merely from the encreaſed activity of 
the Flame, in conſequence of its being impelled 
with force, and broken in eddies on the ſurface of 
the body againſt which it is made to act; the effect 
of the blow-pipe on theſe experiments being to all 
appearance quite as great when fixed air was made 
uſe of, (which could not increaſe the quantity of 


heat, ) as when atmoſpheric air was uſed. 3 
F 4 Hue 
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But conceiving the determination of this Wann a 
relative to the manner which Flame communicates 
heat, to be a matter of much importance, I did 
not reſt my inquiries here: I repeated the expe- 

riments very often, and varied them in a great 
number of different ways; ; ſometimes making ule 
of fixed air; ſometimes of atmoſpheric air; and 
at other times uſing dephlogiſticated air; and 
common air rendered unfit for the ſupport of ani- 
mal life and of combuſtion, by burning a candle 3 in 
it till the candle went out. 
It would take up too much time to give an ac- 
count in detail of all theſe experiments; I ſhall 
therefore content myſelf with merely obſerving 
that they all tended to ſhow that the effect of a 
blow-pipe fed in the manner here deſcribed, is owing 
to the direction and velocity it gives to the Flame 
againſt which it is employed, and not to any real 
increaſe of heat. 8 
It muſt be remembered that the principal object 
had in view in theſe experiments was to diſcover 
the manner in which Flame communicates heat to 
other bodies, and by what means that communi- 
cation may be facilitated, Were it required to in- 
creaſe the intenſity of the heat by blowing the fire, the 
current of air muſt be applied in ſuch a manner as 
to expedite the combuſtion ; it muſt be directed to 
the inflamed ſurface of the burning Fuel, and not 
to the red-hot vapour or flame which riſes from it, 
and in which the combuſtion is moſt probably 
already quite complete; and in this caſe there is 
80 55 VV 
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no doubt but the effect produced by blowing would 
depend much upon the quality: of the. air made 
uſe of. 
I The reſults wy the foregoing experiments with 
the blow-pipe will, I am confident, be thought 
quite concluſive by thoſe who take the trouble 
to conſider them attentively, —and the advantages 
that may be derived from the knowledge of the 
fact eſtabliſhed by them are very obvious. If. Flame, 
or the hot vapour which ariſes from burning bodies, 
be a non- conductor of heat; —and if, in order to 
communicate its heat to any other body, it be ne- 
ceſſary that its particles individually be brought'i into 
actual contact with that body; it is evident that 
the form of a boiler, and of its fire-place,- muſt be 
matters of much importance; and that that form 
muſt be moſt advantageous, which is beſt calculated 
to produce an internal motion in the Flame, and to 
bring alternately as many of its particles as poſſible 
into contact with the body which is to be heated by 
it, The boiler'muſt not only have as large a ſur- 
face as poſſible, but it muſt be of ſuch a form as 
to cauſe the Flame which embraces it—to impinge | 
againſt it with force—to break againſt it—and to - 
Play over its ſurface in eddies and whirlpools. 
It is therefore againſt the bottom of a boiler, and 
Not againſt its ſides, that the principal efforts of the 
: Flame muſt be directed; for when the Flame, or hot 
vapour, is permitted to riſe freely by the vertical 
ſides of a boiler, it ſlides over its ſurface very 
rapidly, and there es no obſtacle in the way to 
break 
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break the Flame into eddies and whirlpools, a 
quietly on like a ſtream of water in a ſmooth canal; 
and the ſame hot particles of this vapour which 
happen to be in immediate contact with the fides of 
the boiler at its bottom or lower extremity, being 
continually preſſed againſt the ſurface of the boiler 
as they are forced upwards by the riſing current, 
prevent other hot particles from approaching the 
. boiler ;- ſo that by far the greateſt part of the heat 
in the Flame and hot vapour which riſe from the 
Fire, inſtead of entering the boiler, goes off into 
the atmoſphere by the chimney, and is totally loſt. 
be amount of this loſs of heat, ariſing from 
the faulty conſtruction of boilers and their fire- 
places, may be eſtimated from the reſults of the 
Experiments recorded in the following Chapter. 
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5 CHAP. v. 


4n Acco unt of Experiments made with Boilers and 
Fire-places. of varioys Forms and Dimenſions; to- 
gether with Remarks and Obſervations on their 
| Reſults, and on the Improvements that may be de- 


rived from then. — An Accouut of ſome Experi- 
ments made on a very large Scale in a Brew-houſe 


| Boiler. — An Account of a Brew-houſe Boiler con- 
tructed and fitted up on an improved Plan. — 


Reſults of ſeveral Experiments that were made 
with this new Boiler. —Of the Advantage in re- 
gard to the Economy of Fuel in boiling Liquids, 
which ariſes from performing that Proceſs on 2 


large Scale. — Theſe Advantages are limited. — 
An Account of an Alteration that was made in 
the new Brew-houſe Boiler, with a view to the 


SAVING or Tims in cauſing its Contents to boil. 
Experimenis ſhowing the Effects produced by 


theſe A lerations.— An Eſtimate of the RELATIVE 


QUANTITIES or HEAT producible from Coa KS, 
PiT-COAL—CHARCOAL, and Oar.—A Me. 
thad of eſtimating the Quantity of Pit-coal which 


would be neceſſary to perform any of the Proceſſes 


mentioned in this Eſay, in which Wood was uſed 


art Fuel, An Eſtimate of the TOTAL QUANTI- 


TIES of Heat producible in the Combuſtion of di if- 


ferent K inds of F 11 and 75 the real Ruantities 5 
Heat 
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: would cauſe them to be returned to me 
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Heat which are loft, under various Cireunſtances 
in culinary Proceſſes. \ 


# 


WW 47 has been faid in the foregoing Chapter 
will, I truſt, be ſufficient to give my reader 
a clear and diſtin& idea of the ſubje& under con- 
ſideration, in all its various details and connec- 
tions, and enable him to comprehend, without 


the ſmalleſt difficulty, every thing I have to add 


on this ſubje&; and particularly to difcover the 


different objects I had in view in the Experiments 


of which I am now about to give an account, and 
to judge with facility and certainty of the conclu- 
fions I haye drawn from their reſults. : 

Theſe Experiments, though they occupy ſo many 
pages in this Eflay, are but a ſmall part of thoſe 1 
have made, and cauſed to be made under my di- 
rection, on the ſubject of Heat, during the laſt 
ſeven years. Were I to publiſh them all, with all 
their details, as they are recorded in the regiſter that 


| has been kept. of them, they would fill ſeveral 
volumes. 


It was moſt fortunate for me that this 3 is 
very voluminous ; for had it not been ſo, I ſhould 
in all probability have taken it with me to England 
laſt year, and in that caſe I ſhould have loſt it, 


with the reſt of my papers, in the trunk of which 


I was robbed in paſſing through St. Paul's Church- 


1 yard, on my arrival i in London after an abſence of 
| eleven years“. 


* I have many — * to think that theſe papers are till in being ; 1— 
what an everlaſting obligation ſhould I be under to the perſon who 


As 
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As I foreſaw, when I firſt began my inquiries 
reſpecting Heat, that I ſhould have occaſion to 
make many Experiments on boiling Liquids, to 
facilitate the regiſtering of them I formed a Table, 
(which I had printed,) in which, under various 
heads, every circumſtance relative to any common 
Experiment of the kind in queſtion could be en- 
tered with much regularity, and with little trouble. 

As this Table may be uſeful to others who may 
be engaged in ſimilar purſuits, and as the publiſh- 
ing of it will alſo tend to give my reader a more 
perfect idea of the manner in which my Experi- 
ments were conducted, I ſhall (as an example) give 
an account of one Experiment, in the ſame form in 
which it was N in one of theſe rn 
Tables. 

_ Theſe Tables, as they are oth for uſe, (on de- 
tached ſheets,) occupy one ſide of half a ſheet of 
common folio * paper. 
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Every thing in this Table, except ſuch figures 
and words as are printed between crotchets, is con- 
tained in the printed forms : Hence it is evident 
how much theſe Tables tend to diminiſh the trouble 
of regiſtering the reſults of Experiments of this 
kind, and alſo to prevent miſtakes. 

The example I have here given is an account of 
an Experiment, in which a very large quantity of 
water, equal to 15, 5golbs. Avoirdupois in weight, 
or 1866 wine gallons of 231 cubic inches each; but 
it is evident that theſe Tables anſwer equally well 
for the ſmall nn contained * the ſmalleſt 
ſaucepan. 

The height of the dae is expreſſed in Paris 
inches; that of the thermometer in degrees of 
Fahrenheit's ſcale. —The other meaſures, as well 
of length as of capacity, are the common meaſures 
of the country (Bavaria); and the weight is ex- 
prefled in Bavarian pounds, of which 100 make 
123.84 lbs. Avoirdupois. 

What is entered under the head of Guriznat: 
ResvLTs OF THE EXPERIMENT, requires no ex- 
planation ; but what I have called the PRECISE 
ResULT muſt be explained. 

Having frequent occaſion to compare the reſilis 
of Experiments made at different times, and in dif- 
ferent ſeaſons of the year, as the temperature of the 
water in the Boiler when the fire is lighted under it 
is ſeldom the fame in any two Experiments, and as 
the boiling heat varies with the variations of the 
prefſure of the atmoſphere, or of the height of the 

| : mercury 
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mercury in the barometer, it became neceſſary to 
make proper allowances for theſe differences. This 
I thought could beſt be done by determining, by 
computation,” from the number of degrees the 
water was attually heated, and the quantity of Fuel 
conſumed in heating it that number of degrees, 
how much Fuel would have been required to have 
heated it 180 degrees, or from the point of freezing 
to that of boiling water (the boiling point being 
taken equal to the temperature indicated by 2125 
of Fahrenheit's thermometer, which'is the boiling 
point under the mean preſſure of the atmoſphere 
at the ſurface of the ſea): Then, by dividing the 
weight of the water uſed in the Experiment,' (ex- 
prefſed in pounds,) by the. weight of the Fuel ex- 
preffed' in pounds neceſſary to heat it 180 degrees, 
or from the temperature of freezing to that of 
boiling water; this gives the number of pounds of 
| ice-cold water which (according to the reſult of the 
given Experiment) might have been made to botl,— 
with the heat generated in the combuſtion of x lb. 
of the Fuel, under the mean preffure of the 
_ atmoſphere at the level of the ſurface of the ſea. 
The city of Munich, where all the Experiments 
were made of which I am about to give an account, 
being ſituated almoſt in the centre of Germany, 
| Hes very high above the level of the ſea. The 
mean height of the mercury in the barometer is 
only about 28 Engliſh inches, conſequently water 
boils at Munich at a lower temperature than at 
London. The difference is even too conliderable 
x to 


„ 
2 } 
n 
7 
F f 


(. ; * 


and the A of Hel. 99 


to be neglected, it amounts to 24 degrees of Fah- 
renheit's ſcale,. being 2092 degrees at a medium 
at Munich, and 212 degrees in all places ſituated 
near the level of the ſea; To render the reſults of 
my experiments and computations mere fimple and 
more generally uſeful, I ſhall always _ due 
allowance for this difference. 

Having, from the actual reſult of each Tei- 
ment, made a computation on the principles here 
deſcribed, ſhowing what (for the want of a better 
expreſſion) I have called the Preciſe Reſult of the 
Experiment, it is evident that theſe computations . 
ſhow very accurately the comparative merit of the 
mechanical arrangements, and management of 
the Fire in conducting the Experiments, in as far 
as relates to the Economy of Fuel; for the more 
ice-cold water that can be made to boil with the 
heat generated in the combuſtion of any given 
quantity (1 Ib. for inſtance) of Fuel, the more 
perfect of courſe (other things being equal) muſt 
be the conſtruction of the fire- place. 6 

Under the head of Przcize RESULT I ive ; 
ſometimes added another computation, ſhowing 
how much ( Hoiling-hot water might, according to 
the reſult of the given Experiment, be kep? boiling 
© one hour” with the heat generated in the combul- 
tion of © 1 Ib. of the Fuel. Though I have called 
this a Preciſe Reſult, it is evident that in moſt caſes 
it cannot be conſidered as being very exact, owing. 
to the difficulty of · eſtimating the quantity of Fual 
in the fire- place, which is unconſumed at the moment 
when the water begins to boil. 
VOL, 11. - G In 
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In the foregoing example i in W this com- 


hn I ſuppoſed that, when the water began to 


boil; there was wood enough in the fire-place un- 


| conſumed to. keep the water boiling 43 minutes, 


and that the wood added afterwards (100 Ib.) kept 


the water boiling the remainder of the time it boiled, 

or juſt 2 hours. 
In moſt caſes, 3 to ſave trovhle in mak- 
ing theſe computations, I have ſuppoſed that. all 
the wood employed i in making the water boil is en- 
tirely conſumed in that proceſs, and that all the 
heat expended in keeping the water boiling is fur- 
niſhed by the Fuel which is added after the water 


bad begun to boil. This ſuppoſition is evidently 


' _ erroneous ; but as the computation in/ queſtion can 


at beſt give but an inaccurate and doubtful reſult, 


labour beſtowed on it would be thrown away: 


But imperfe& as theſe rough eſtimates are, they 


| will however in many caſes be found uſeful. 


In giving an account of the following Experi- 


ments, I ſhall not place them exactly in the order in 
which they were made, but ſhall arrange them in 


ſuch a manner as I ſhall think beſt, in order that 
the information derived from their reſults may 
--4 ao in a clear point of view. | 

For greater convenience in referrin 8 to them, 


1 ſhall number them all; and as I hive already 


giyen numbers to the four I mentioned in the Firſt 
Chapter of this Eſſay, I call proceed in regular 


e with Te reſt, 


we Ne. 
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2 xperiment, No. 5. 


The firſt kitchen of the Houſe of W "8 
Munich has already been deſcribed in the Firſt. 

Chapter of this Eflay ; and it was there mentioned, 
that the daily expence of Fuel in that kitchen, 
when food (peas-ſoup) was Prepared for 1000 per- 
ſons, amounted to 300 lb. in weight of dry beech- 


wood. Now as each portion of ſoup conſiſted of 


1 Ib., this gives 0.3 of a pound 9 wood for each 
pound of ſoup. | 


Experiment, No. 6. 


The firſt kitchen of the Houſe of Induſtry hay- 
ing been pulled down, it was afterwards rebuilt on 
a different principle. Inſtead of Copper Boilers, 
Iron Boilers of a hemiſpherical form were now 
uſed, and each of theſe Boilers had its own ſeparate 
cloſed fire-place. The Boiler being ſuſpended by 
its rim in the brick- work, and room being left for 
the flame to play all round it. The ſmoke went 
off into the chimney by an horizontal canal, 5 
inches wide and 5 inches high, which was con- 
cealed in the maſs of brickwork, and which opened 
into the fire- place on the ſide oppofite to the open- . 
ing by which the fuel was introduced. 

The fire was made on a flat iron grate placed 


directly under the Boiler, and diſtant from its bot- 
tom about twelve inches. The aſh-pit door was fur- 


6 2 | niſhed 


4 


1 
9 


a -- 07 the Management of Fire, 


niſhed with a regiſter ; but there was no damper 


to the canal by which the ſmoke went off into the 


chimney, which was a very great defect. The 
opening into the fire- place was cloſed by an iron 
door. Each of theſe Iron Boilers weighed about 
148 lbs. Avoirdupois, was 252 Englifh inches in 
diameter, and 14.93 5 inches deep, and contained 
190% lbs. Bavarian weight of water, equal to 
235.91 lbs. e e or ee 28; AY 
wine-gallons. 

From this account of the manner in which theſe 

Iron Boilers were fitted up, it is evident that the 
arrangement was not eſſentially different from that 
of kitchens for hoſpitals, as they are, commonly 
conſtructed. 
From Experiments made with care, and often re- 
peated, I found that to prepare 89 portions (or 
89 lbs. Bavarian weiglit) of peas-ſoup in one of 
theſe Boilers, 43 Ibs. of dry beech-wood were re- 
quired as Fuel, and that the proceſs laſted four 
hours and an half: This gives 0.48 3 of a pound 
of wood for each pound of the ſoup. 

In the firſt arrangement of this kitchen, only 
0.3 of a pound of wood was required to prepare 
1 lb. of foup : Hence it appears that the kitchen 
had not been improved, — conſidered with a view 

to the Economy of Fuel, — by the alterations which 
had been made in it. This was what I expected; 
for the object I had in view in conſtructing this 
kitchen was not to fave Fuel, but to find out 
how much of i it is waſted in culinary proceſſes, as 
oy 
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they are commonly performed on a large ſcale in 
hoſpitals and other inſtitutions of public charity: — 
Till I knew this, it was not in my power to eſtimate, 
with any degree of preciſion, the advantages of any 
improvements I might introduce i in the conſirudtion 
of kitchen fire- places. = 
"To determine in how far the quency of Fuel 
neceſſary in any given culinary proceſs depends on 
the form of the frre-place,” (the Boiler and every 
other circumſtance remaining the n I made 
the following Experiments, EE > 


* 


Experiments, No. 7 and No. 8. 
Two of the Iron Boilers in the kitchen of the 
Houſe of Induſtry (which, as they were both caſt 
from the ſame model, were as near alike as poſſible) 
being choſen for this Experiment, one of them 
(No 8.) being taken out of the brick-work, its 
fire-place was altered and fitted up anew on im- 
proved principles. The grate was made circular 
and concave, and its diameter was reduced to 12 
inches; the fire-place was made cylindrical above 
the grate, and . 12 inches in diameter; and 
the Boiler being ſeated on the top of the wall of 
this cylindrical fire-place, the flame paſſing through 
a {mall opening on one 5 of the fire · place, at the 
top of it, made one complete turn about the Boiler 
before it was permitted to go off into the canal by 


which the ſmoke paſſed off into the chimney. _ 
4 | 8 3 | s * 
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Though there was no damper in this canal; 
yet as its entrance or opening, where it joined the 
canal which went round the Boiler, was conſider- 
- ably. reduced in ſize, this anſwered (though im- 
perfectly) the. purpoſe of a damper. This fire- 
place being completed, and a ſmall Fire having 
been kept up in it for ſeveral days to dry the ma- 
ſonry, the Experiment was made by preparing the 
ſame quantity of the ſame kind of ſoup in this, and 
in a neighbouring boiler whoſe W had not 
been altered. 3 
The food cooked in a was 89 lbs. of Peas-ſoup ; s 
and the Experiment was begun and finiſhed in both 
Boilers at the ſame time. 
The wood employed as Fuel was pine ; and it 
had been thoroughly dried in an oven the day | be- 
fore it was uſed. | | 
The boilers were both kept es covered 
1 with their double covers, except only when the 
W. - Soup: was ſtirred about to prevent its burning to 
the bottoms of the Boilers. e 
The reſult of this n Experiment was ag | 


wt 


follows : Ha 
| | Dales) hs 
| Nv. 7. No. 8. 
| 1 yy In the Boiler 
| In the Boiler | te =. 
ü BY No. I. | | proved Fire- 


8 8 place. 
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Quantity of wood Lad incook- i 25 1 
ing bs. Bavarian weight off LA 
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Theſe Experiments were made on the 7th of 
November 1794. On repeating them the next day 
with pine wood, which had not been previouſſy 
dried in an oven, the reſult was as follows: . 


— 


kae, No. 9 ond 0. 10. 


8 Ep 
No. Fn No. 10. 
| In the Boiler 
In the Boiler No. 8. 
No. 1. with the im 
SH | proved Fire- 


uantity of wood con ſumed in pe e | | 427 
ing 89 lbs. of Peas-ſoup - - -| 39 lbs, 5 | 16 lbs. 


I; be firſt remark I that make on the reſults of 

theſe Experiments is the proof they afford, by com- 
paring them with that which preceded them 
(No. 6.), of thei important fact, that pine-wood af- 
fords more heat in its combuſtion than beech, This 
fact is the more extraordinary, as it is directly con- 
trary to the opinion generally entertained on that 
ſubject; and it 1s the more important, as the price 
of pine wood is, in moſt places, only about half as 
high as that of beech, when the e e/timated . 

by weight, are equal. 

In the Experiment No. 6. it was found; that 
43 lbs. of dry | beech-wood were neceſſary, when uſed 
as Fuel, to prepare 89 lbs. of Peas-ſoup. In the 
Experiment No. 7. the ſame proceſs was per- 


tormed with 37 lbs. and in the Experiment No. 9. 
G 4 with 


* 
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with: 39 lbs. of dry. pine. But I ſhall have occaſion 
to treat this ſubject more at length in another place. 
In the mean time I would, however, juſt obſerve, 
that all my Experiments have uniformly - tended to 
confirm the fact, that dry pine- wood affords more 
heat in combuſtion than dry beech. I have reaſon 
to think the difference is in fact greater than the 
Experiments before us indicate; but the apparent 

amount of it will always depend in a great meaſure 
on the circumſtances under which the Fuel is con- 
fumed ; or, in other words, on the conſtruclion of 
| _ the fire · place; and it is no ſmall advantage attend- 
ing the fire-places I ſhall recommend, that they are 
ſo contrived as to increaſe, as much as it is poſſible, 
the ſuperiority of the moſt common and cheapeſt 
ſire- wood over chat which, 1 is more ſcarce and 8 
con.” ! 

By comparing the reſults of theſe two o ſets of Ex- 
E (No. 7 and No. 8, No. 9 and No. 10.) 
an eſtimate may be made of the advantage of uſing 
very dry wood for Fuel, inftead of making uſe of 
wood that has been leſs thoroughly q dried; but as 1 
mean to take an opportunity of inveſtigating that 
matter alſo more carefully hereafter, I ſhall not at 
. preſent enlarge on it farther than juſt to obſerve, 
that as the wood; which was dried in an oven, was 
weighed for uſe after it had been dried, and as it 
certainly weighed more before it was put into the 
oven, the real ſaving ariſing from uſing it in this 
dried ſtate is not ſo great as the difference in the 
Drin of the — of wood uſed in the two 
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Experiments. To eſtimate that ſaving with preci- 
ſion, the the wood ſhould be weighed before it is dried, 

or in the ſame ſtate in which the other parcel of 
wood, which Is m_ without being dried, is 

weighed. 

| But to proceed to 15 We object I had in 
view in theſe Experiments the determination of 
the effects of the difference in the conſtruction of 
the two fire- places; — the difference in the quantity | 

of Fuel expended in the two fire-places in per- 
forming the ſame proceſs, ſhows, in a manner 
which does not ſtand in need of any illuſtration, 
how much had been gained by the improvements 7 

which had been introduced. 

Conceiving it to be an object of great import- | 
ance to aſcertain by actual experiment, and with as 
much preciſion as poſſible, the real amount of the 
advantages, in regard to the Economy of Fuel, that 
may be derived from improvements in the forms of 
| fire-places, I did not content myſelf with improv- 
ing from time to time the kitchens I had con- 
ſtructed, but I took pains to determine how much 
I had gained by each alteration that was made. 
This was neceflary, not only to furniſh myſelf 
with more forcible arguments to induce others to 
adopt my improvements, but alſo te ſatisfy myſelf 
with regard to the Progreſs I made in my inveſti- 
gations. 

In the firſt „ of hls kitchen of che 
Military Academy, the Boilers were ſuſpended by 
* rims in the brick- work in ſuch a manner that 

* « | 25 the 


90 of the Management of Fire, 


| the flame could paſs freely all round them; and the 


ſmoke went off in horizontal canals which led to 


the chimney, but 11 were not nen with 


dampers. 
The Fire was made on a flat ure i mon- grate; ; 


and the internal diameter of the fire-place was 2 or 
3 inches larger than the diameter of the Boilex 
which belonged to it. The bottom'of the Boiler 


was from 6 to 10, or 12 inches (according to its 
fize) above the level of the grate; and the door of 


the opening into the fire-place, by which the Fuel 
was introduced, was kept conſtantly cloſed. The 
an- pit door was furniſhed with a regiſter, and the 


Boilers were all turniſhed with double covers. 
Having, in conſequence of the progreſs I had 


! in my inquiries reſpecting the management of 
Heat and the Economy of Fuel, come to a reſolu- 
tion to pull down this kitchen, and rebuild it on an 
improved principle; previous to its being demo- 


liſhed, I made ſeveral very accurate Experiments to 


determine the real expence of Fuel in the fire- 


places as they then exited, with all their faults; ; and 
when the new arrangement of the kitchen was 


completed, I repeated theſe Experiments with the 
ſame boilers ; and by comparing the reſults of theſe 
two ſets of Experiments, I was able to eſtimate 
with great preciſion the real amount of the ſaving 


of time as well as of Fuel, —which were derived 


from the improvements I had introduced. 
After all that has been ſaid (and perhaps already 


too often repeated in different parts of this Eſſay) 
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on the conſtruction of fire-places, my teader' will 
| be able to form a clear and juſt idea of the conſtrue- 
tion of thoſe of which I am now ſpeaking, (thoſe of 
the kitchen of the Military Academy, 1 in its preſent . is 
improved ſtate,) when he is told that the Fire . 
burns on a circular concave iron grate, about half 

the diameter of the circular Boiler which belongs to 

the fire · place; — that the fire-place, properly ſo call- 

ed, is a cylindrical cavity in the ſolid brick- work 

wich ſupports the Boiler, equal in diameter to the * 
circular grate, and from ſix to ten inches high, 
more or leſs according to the ſize of the Boiler; 
that the Boiler is ſet down. on the top of the cir- 
cular wall which forms this fire- place, a ſmall open- 
ing, from three to four or five inches in length 
taken horizontally, and about two or three inches 
high, being left on one ſide of this wall at the top 
of it, in order that the flame which burns up under 
the middle of the bottom of the Boiler may after- 
wards paſs round (in a ſpiral canal conſtructed for 

| that purpoſe) under that part of the bottom of the 
Boiler which lies, without the top of the wall of the. 
fire-place on which the Boiler repoſes. - The flame 

| having made one complete turn under the Boiler in 
this ſpiral canal, it riſes upwards, and going once 
round the fides of the Boiler, goes off by an hori- 
zontal canal, furniſhed with a damper, into he 
chimney. 


— 


In order that the top of the circular wall of the 
fire-place on x which the Boiler is ſeated, may not | 
6 - cover 
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cover too much of the bottom of the Boiler, its 
_ thickneſs is ſuddenly reduced in that part (that is 
to ſay juſt where it touches the a to about 
The bk by which the Fuel i is introduced 

into the fire-place, is a conical hole in a piece of 
| fire-ſtone, which hole is cloſed by a fit ſtopper made 
of the ſame kind of ſtone. The aſf- pit door and 
| its regiſter are finiſhed with ſo much nicety, that 
when they are quite cloſed the Fire almoſt inſtan- 
' taneouſly goes out, 

The dimenſions of the Boiler, i in which the Ex- 
periments of which I am about to re an account 
were mace, are as follows : | 


ö above 8 14. 
| Diameter ve {bore - 13. = Inches Englit meaſure. 
Depth = -'- - - 14-52 | 


It weighs 37 Ibs. Avoirdupois ; and it enim 
when quite full, about 73 lbs. Avoirdupois, equal 

to 84 gallons (wine meaſure) of water. 
In two Experiments with this Boiler, which were 
both made by myſelf, and in which attention was 


Paid to every, circumſtance that could tend. to ren- 
der them — the reſults were as follows: 


65 71 * 
* 


| 


Quantity of Water 3 in the Briler, 
in Bavarian pounds = 5 
Temperature of the water in the 
Boiler at the beginning of the 
Experiment 
Time employed in "making the| 
water boil — 


Wood conſumed in making the 


water boil, in Bavarian pounds -| 
me the water continued boil-| | 


Wood added to keep the water 
boiling - = 
Kind of wood uſed 


Preciſe Reſults, 

Ice · cold water heated 180 degrees, 
or made to boil, with 1 Ib. of 
wood 

Boiling-hot water kept boiling 


- — ew — * 


- 


/ 


* — As - - — 


1 Kipehilöt f 


The firſt 


1 N with 11b, of wood 


»\ 


No. 1t. 


Fire- i 


43-63 Ibs. 


67 min. 


g be. 


2 hrs. 2 min. | 


5 lbs. 
Pine 


4. oz lbs. 


17.74 We. 


4 


* n. WE "II m—_ 
+ was” of 
. 
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The following Experiments were made with two 
Copper Boilers, (No. 1 and No. 2.) nearly of the 
ſame dimenſions, in the kitchen of the Military 
Academy at Munich, in the preſent improved ſtate 
of that kitchen. Theſe Boilers are round and deep, 
and weigh each about 62 lbs. Aveirdupois. They 
belonged originally to the kitchen of the Houſe of 
Induſtry, being two of the eight Boilers which, in 
the firſt arrangement of that Hichen, were heated 
by the ſame Fire. 
Their exact dimenſions, meatured i in | Engl 
| inches, are as follows : 5 | | 


"Thi Builder: The Boiler 
- No. 1. pl - No. 2. 


— 


Inches. Inches. 


above — 2.68 1 23.00: 
Diameter Ubelow 2 en 19.82 N 
. 22 27.04 


At ihe begithing of op” of bs TO Ex- 
periments, each of theſe Boilers contained juſt 9; 
meaſures (or Bavarian maaſſe) of water, weighing 
187 lbs. Bavarian weight, (equal to 232. 58 lbs, 
Avoirdupois,) of a trifle leſs than 28 gallons. 
The grate on which the Fire was made under 
= each of theſe Boilers i is circular and concave, and 

11 inches in diameter; and their fire- places are in 
all reſpects ſimilar to chat juſt deſcribed. (Experi- 

ment No. 11.) Both Boilers are furniſhed with 
double covers. 
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The dns made with the Boller No. 1. 
und their reſults, were as follows: p 


|Experiment Experiment } Experiment Experiment 


No. 13. | No. 14. No. 1 5. No. 16. 
Quantity of water „ r ano | 
the Boiler in the 1 2 | 
beginning of the ts | ts, | bs. | ths 
Experiment 187 187 187 187 
Temperature of tgñůe = 5 
water in the Boiler * . 
at the beginning of . | 
the Experiment G61? | 5g? | 64* 5 55 
Time employed in e 6 | 
making the water min. min. | min. mite 
V 61 7 62 
Wood conſumed in | 5 | | 
making the water lbs, lbs. |} ws. lbs. 
boil” - i=: 5 12 11 | 9 ge 
Time the water con-| min. min. | min. Bh. min. 
tinued to boil - «| 17 | 28 6 2 19 
Quantity of Fuel add- | * 138 
ed to keep it boil- Dh TEE 0. 
ing this time - -| — — r 
Kind of wood uſed as . 


Fuel - - ꝛ [ Beech | Beech | Pine | Pine 
Preci if Reſults f the | 


Experiments. | 
Ice-cold water heated TORT 
1800, or made to | | | 
boil, with the heat | 
generated in the | + - 1 
combuſtion of 1 1b.| ibs. | Ibs. ws. we, 
of the Fuel -| 12.89 | 14.15 | 16.89 | 20 

Boiling water kept LE - E | 

boiling one hour, | | 
with the heat ge- k 11 #4 
nerated in the com- ol 


buſtion of 1b. =_—_ Is | ths. 
| the wood. = - 24 Fa TP 108.40 
All 


e 


* 


» 
-96- 


Kind of wood uſed — 


*. the Ma mt * Are, 


All the Goragoing: Experiments. were made on 
the lame day, (the 13th of October 1794, ) and in 
the ſame ert in wr oy are numbered. 


— 


The following are the reſults 15 the Experiment 
made with the Boiler No. 2. TRE | 


Quantity 4 water in the | 
Boiler at the beginning | 


of the Experiment, in 
Bavarian pounds '— 
Temperature of the wa- 
ter in the Boiler at the 


. beginning of the Ex-| 


periment— — 
Time employed in mak- 
ing the water bot — 


Mood conſumed in mak - 
ing the water bol — 
Time the water conti- 


nued to boil 
Wood added to keep the 
water boiling — — 


Preciſe Reſults. 
413 water 
1800, or made to boil, 
with 1 1b. of wood — 
Boiling-hot - water kept 
vos one hour with 


heated 


Pr Experim. 
{| No. x7 


1 


No. 18. 


w 


187 


Ib. of woog — — 


im. Expetim. 


No. 19. | No. 20. 
Ibs. 185. 
187 187 
692 ze 
min. min. 

© 50 
Ibs. 14 Ibs. 
* 8 
min. h. min. 
1 
Ibs. 
9 
Pine Pine 
lbs. 8 5 Ibs. 5 ö 
17:59 | 20.10 
| Ibs. 
— AED 


Experin; 
; No 21. 


Ibs. 


|, *B45+46 


This ſet of 1 was d at the fa 
time with the foregoing ſet, namely, on the 13 
October 1794, and they were made in the wr in 


which they are here regiſtered. 
one, (No. 20.) the Economy of Fuel in the procek 


In the laſt but 


of heating water was carried farther. than in al 
- other Experiment. 1 have ever made. > 


In 
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Im the following Experiments, which were made | 


in a large Copper Boiler fitted up on my moſt im- 


proved principles, belonging to the kitchen of the 
Houſe of Induſtry, the err of Fuel was Car- 
ried nearly as far. 

This Boiler, which is Grevtich is 421 Taglih 
inches in diameter above; 42.17 inches in dia- 
meter below ; and 18.54 inches deep. It weighs 
78: lbs. Avoirdupois; and contains, when quite 
full, 714 lbs. Bavarian weight (=884 lbs. Avoir- 
dupois, or 106 gallons) of water, at the u 
ture of 55%. 

It is ſurrounded above by a wooden. ring about 
two inches in thickneſs, into which it is fitted; and 
in this ring, in a groove about 3 of an inch Joop, 
is fitted a circular wooden flat cover; this cover 
is formed in three- pieces, united by iron hinges ; 
and one of theſe pieces being faſtened down by 
hooks to the Boiler, the other two are ſo contrived 
as to be folded back upon it occaſionally. From 
the upper ſurface of the part of the cover which is 
faſtened down on the Boiler, a tin tube two inches 
in diameter, furniſhed with a damper, is fixed, by 
which the ſteam is carried off into a narrow wooden 
tube, which conducts it through an opening in the 
roof of the houſe into the open air. | 

To prevent ſtill more effectually the WE of 
the Heat through the wooden cover of the Boiler, 
the upper ſurface of it is protected from the cold 
atmoſphere by a thick circular blanket covered on 
doth ſides by ſtrong Tm which is en 
thrown over it. | 

vol, 11. „ | Though 


or x —— „ — ra - 
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Though the diameter af this Boiler below is 
more than 40 inches, the diameter of its fire-place 


the bottom of the Boiler in a ſpiral canal, and one 


great as, from the ſmallneſs of its anne n 
have been expected. 


4 myſelf, juſt after it was fitted up: 


Quantity of water in the | a 


Temperature of the wa- ü W 


. bete Ibs. Ibs. Fa be. lbs. 


A 5 5 " Without 


3 


. | | 1 25 
f , 4 | 1 


(which is juſt under its centre) is only 11 inches; 
but as the flame makes two complete turns under 


turn round it, the time required to heat it 18 not ſo 


It has ever been, and Rill continues to he, the 
decided favourite of the cook-maids. _ 
The wood uſed as Fuel in the following Experi- 
ment was pine moderately dried. The billets were ſix 
inches long, and from one to two inches in diameter. 
The following Table ſhows the reſults of five 
Experiments that were made with this Boiler by 


7 | Experim. Experim. Experim. Experim. Experim. 
| 2 No. gi LIK 24. No. 2 5. No. 26. 


2 . 1 a . 


— 


Boiler, in Bavarian] lbs. Pei lbs. e t Ibs. 
E , 4: $08 . 508 


ter at the Na R >} . "hi 
"the Experiment .; 14 $4 | | TH 
Time required to Fans, ch. min. | min, | Bh. min, h. min. h. min. 
2 


the water boil — —2 4 M 
| Fuel employed to make lbs. Ibs. we. Ibs. © ths 
ide water boil — — 244 84 1241 25 j 24 
Time the water conti“- hb.. ET IE 
.. nued. boiling — — 3 | — — 3 — 
Fuel added to keep the lbs. | Ibs. 
water boiling — — | 632 a | — | — 44 | n_ 
; N [ 
. PRECISE. . of 28 | 4 1 BE T1 | RY 
: the Experiments, 264 4: : | 4 
With the heat generated Es & 5 
in the combuſtion of | 1 C 


1 Ib. of the F uel, 


.. 1809, or made to boil | 1.37 12.74 12.69 17-48 19.01 
Or boiling-Hot water oy | 333 
kept boi ing onæ hour | 236.61 — — | 338,66 


45 


and the- Peonomy f Fuel: _ 


Without ſtopping to make any obſervatics on 

4 the reſults of theſe Experiments, (though they 

afford matter for ſeveral of an intereſting nature,) 
I ſhall proceed to give a brief account of another 
ſet of Experiments, on a much larger ſcale, which 

. were made in the Copper Boiler of a n be- 
[ longing to the Elector. 
This Boiler, which is reftangular, is ten Wet 
long, eight feet wide, and four feet deep, Bavarian 

meaſure *, and contains 8176 Bavarian maaſſe, or 
waking, equal to 1866 gallons wine meaſure. 

On examining this Boiler, 1 found its fire- place was 
conſtructed on very bad principles; and on in- 

quiring reſpeQting the quantity of fire-wood con- 
- fumed in it, I found the waſte of Fuel to be r 
great. 

This Brewery i is uſed for making ſmall r 
beer, (as from its pale colour it is called,) from 
malt made of wheat; and as it is worked all the | 
year round, the expence of Fuel was very great, 

and the economy of it an yo 0 * 
importance. 

The quantity of frowned (pine) that * at an 
average been conſumed daily in this Brewery was 
rather more than four Bavarian clafters, or cords. 
On altering the fire-place of this Brewery, and put- 
ting a (wooden) cover to the Boiler, I reduced this 
| PPREE to leſs than 14 clafters. 

- In the new fire-place which I cauſed to be con- 
Aruged for this Boiler, the cavity under the Boiler 


» | 109 Bavarian inches are equal to 95+ inches Evgliſh meaſure. 
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A ede into three flues, by thin brick walls which 
run in the direction of the length of the Boiler. 
The middle flue, which is twice as wide as one of 
the ſide flues, is occupied by the burning Fuel, and 
is furniſned with a grate 20 inches wide, and 36 
inches long; and the opening by which the Fuel is 


introduced into the fire- place is cloſed by two iron 
doors, placed one behind the other, at the diſtance 


of eight inches. The grate, which is placed at the 
hither end of the fire-place, 1 is horizontal, and it is 
ſituated about twenty inches below the bottom of 
the Boiler. The air which ſerves to feed the Fire, 
is let in under the {ans through a bs nenh in the 
aſn- pit door. 
When the double doors which cloſe the en- 
trance into the fire- place are ſhut, the flame of the 
burning Fuel firſt riſes perpendicularly againſt the 
bottom of the Boiler; it then paſſes along to the 
farther end of the (middle) flue, which conſtitutes 
the fire- place, where it ſeparates, and returns in 
the two ſide flues; it then riſes up into two hori- 
zontal flues (one ſituated over the other) which go 
all round the Boiler; and having made the circuit 
of the Boiler, it goes off into ſeparate canals _ 
niſned with dampers) into the chimney. 8 
Though the Figures 17 and 18, Plate III. are not 
drawings from the fire place Jam no deſcribing, 


but of another which I ſhall ſoon have occaſion to 
deſcribe, yet an inſpection of theſe figures will be 


found uſeful in forming an idea of the principles 
on which the fire-place in queſtion was conſtructed, 
4 488 „ and 


y Xx = 7 2 i 4 ” 9 : o bs 
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and on that account I thall occaſionally refer. to 

themes 4 f 

be burning F vel being e widia a nar- 
row compaſs, being well ſupplied with freſh air.— 

and being ſurrounded on all ſides by thin walls of 

| brick, (which are non-conduQors,) the heat of the 

fire is moſt intenſe, and the combuſtion of the 
Fuel of courſe very complete. The flame, which 

is clear and vivid in the higheſt degree, and per- 
fectly unmixed with ſmoke, runs rapidly along 
the bottom of the Boiler, (which forms the top of 
the flues, ) and from the reſiſtance it meets with i in 
its paſſage, from friction, and from the number of 
turns it is obliged to make, it is thrown into innu- 

merable eddies and whirlpools, and 8 affords a 

moſt entertaining ſpectacle. 

That I might be able to enjoy at my il this 
amuſing ſight, I cauſed a glaſs window to be made 
in the front wall of the fire- place, through which 

I could look into the Fire when the fire- place doors 

were ſhut; and 1 was well paid for the trouble and 1 

the trifling expence I had in getting it executed. 

Some may be tempted to ſmile at what they may 

think a childiſh invention; but there are many 

others, I am confident, and among theſe many 
grave. philoſophers, who would have been very 
glad to have ſhared my amuſement. _ 

The window of which I am ſpeaking is circular, | 

and only fix inches in diameter; but as the hole in 

the wall is conical, and much larger within than 
without, the field of this window (if I may uſe the 

4 H 3 - expreſſion) 
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_ expreſſion) is ſufficiently large to afford a good view 
of what paſſes in the fire· place. 8 TE! 
This conical hole is repreſented i in the Tr: 
18 and 21, by dotted lines. It is ſituated on the 
left hand of the entrance into the fire · place. Into 
the opening of the hole in the wall, on the outſide 
of it, is fixed a ſhort tube of copper, (about fix 
inches in diameter, and four inches long,) and in 
this tube another ſhort moveable tube is fitted, one 
end of which is cloſed by the circular plate of glaſs 
which conſtitutes the window. As the wall of the 
fire-place in front is thick, this pane of glaſs is at a 
conſiggrable. diſtance from the burning Fuel, and as 
there is no draught through the hole in the wall, te 
-"_ does not grow very „ 5 
I have been the more particular in my deſcription 
of this little invention, as I think it may be uſeful : 
There are many caſes in which it would, be very 
advantageous to know exactly what is going on in 
a cloſed fire-place ; : and this never can be known 
by opening the door; for the inſtant the door is 
opened, the cold air ruſhing with impetuoſity into 
the fire- place, d᷑ranges entirely the whole economy 
of the Fire: Beſides this, it is frequently very diſ- 
advantageous to the proceſs which is going on, to 
open the door of a fire- place; and it is always at- 
tended with a certain loſs of heat, and conſequently 
-thould as much as poſſible be avoided. 
I intimated that the window I have been deſcrib- 
ing afforded me amuſement ;—it did ſtill more, —it 
afforded me much uſeful information; — it gave me 
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an opportunity of obſerving the various internal 
| motions into which flame may, by proper manage- 
ment of the machinery of a fire-place, be thrown 


and of eſtimating, with ſome degree of preciſion, 


their different effects. In ſhort, it made me better 
acquainted with the ſubject which had ſo long 
engaged my attention. (Fire); —and with regard 
to that ſubject, nothing ſurely that is new can be 
unintereſting. But to return to the Brewery :—To 
| the top of the Boiler was fitted a curb of oak tim. 
ber: The four ſtraight beams of which this curb was 
conſtructed are each about 7 inches thick, and 1 
inches wide; and the upper part of the Bailer is 
faſtened by wie copper nails to the inſide of the 
ſquare frame formed by theſe four beams. From 
the top of this curb is raiſed a wooden building, 
like the roof of a houſe with a double flant or bevel, 
which ſerves as a cover to the Boiler. This Build- 
ing, the ſides of which are about three feet high 
_ inwards, and the top of which is covered in by a 
very flat roof, ſlanting on every fide from the 
centre,—is conſtrued of a light frame-work of 
timber, (four- inch deal joiſts,) which is covered 
within as well as without with thin deal boards, 
which are rabbetted into each other at their edges, 
to render the cover which this little edifice forms | 
for the Boiler as tight as poſſible. 
From the top of this cover, an open wooden 
tube, (m, Fig. 17.) about 12 inches in diameter, 
riſes up perpendicularly, and going through the 


| roof of the Brewhouſe, ends in the open air. This 
H 4 tube, 


t 3 
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tube, which is furniſhed with a wooden damper, is 3} 
intended to carry off the ein, 
On the ſide of this cover next the i 
as alſo on that oppoſite to it, by which the wort 
runs off into the coolers, there are large folding 
wooden doors, (i and 4, Fig. 17.) which are occa- 
ſionally lifted up by means of ropes which paſs over 
pullies faſtened to the ceiling of the Brewhouſe. 
There are likewiſe two glaſs windows (ſee 
Fig. 17.) in two oppoſite ſides of the cover, 
through which, as ſoon as in conſequence of the 
boiling of the liquid the ſteam becomes tranſparent 
and iaviſible, (which happens in a very few minutes 
alter the liquid has begun to boil, ) the contents of 
the Boiler may be diſtinctly ſeen and examined. 
WMhenever there is occaſion during the boiling to 
open either a door or a window of the cover, it is 
neceſſary to begin by opening the damper of the 
ſteam-chimney, otherwiſe the hot ſteam, ruſhing 
out with violence, would expoſe the by-ſtanders 
to the danger of being ſcalded ; but when the 
damper of the ſteam-chimney is open, no ſteam 
comes into the Brewhouſe, though a door or win 
dow of the cover be wide open. WR: 
Another ſimilar precaution is ſometimes e 
hes; in opening the door of the fire-place, which it 
may be uſeful to mention. When the dampers in 
the canals by which the ſmoke goes off into the 
chimney are nearly cloſed, (which muſt frequently 
be done to confine and economiſe the heat,) it, 


vithout altering the damper, or the regiſter i in the 
45 | | adh. 


4 55 Pl N 
. : . 5 "od 4 
643 : 7 FP 
- . 
—_— d - N : 7 
I... 
g / 2 


and the Economy of Fuel. 8 105 


aſh-pit door, the fire-place door be ſuddenly open- 
ed, i it will frequently happen that ſmoke, and fome- 
times flame, will ruſh out of the fire-place by this - 
paſſage. This accident may be eaſily and effect- 
ually prevented, either by opening the damper, or 
by cloſing the regiſter of the aſh- -pit door, the mo- 
ment before the fire-place door is opened. —This 
precaution ſhould- be attended to in all fire-places 
of all dimenſions, conſtructed on the principles I 
have recommended. 1 
To eeonomiſe the time and the patience of my 
reader as far as it is poſſible, without ſuppreſſing 
any thing eſſential relating to the ſubject under 
conſideration, I ſhall give him, in a very ſmall 
compaſs, the general reſults of a ſet of Experi- 
ments which coſt me more labour (or at leaſt more 
time) than it would coſt him to read all the Eſſays 
I have ever written. I believe I am ſometimes too 
prolix for the taſte of the age,—but it ſhould be 
remembered that the ſubjects I have undertaken to 
inveſtigate are by no means indifferent to me; 
that IJ conceive them to be intimately connected 
with the comforts and enjoyments of mankind ;—' 
and that a habit of revolving them in my mind, 
and reflecting on their extenſive uſefulneſs, has 
awakened my enthuſiaſm, and rendered it quite im- 
poſſible for me to treat them with cold indifference, 
however indifferent or tireſome they may appear to 
thoſe who have not been' accuſtomed to view them 
in the lame ä | 
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Fuel employed to make the ado 
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Time the water continued boil- 


Fe ed to keep the water 


bdboih gag 


| * Kind of F vel uſed - 


| . Quantity of ice-cold water which 


Quan tity of boiling-hot water 
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. have Urtady given an account, in all its va. 
rious details, of one Experiment which was made 


(on the 15th of April 1795) with the Boiler we 


have juſt been deſcribing (ſee page 78). I ſhall now 


recapitulate the general reſults of that Experiment, 


and compare them with the mean reſults of two 


* 


| Quantity of water in 10 boiler - 
Tem erature of the water in the 
Boiler at the beginning of the 


E 
q 


Experiment 


WWW oo in £m 
bozl = 


— — — * - = 


"PazcisE " EIS of the 
© Experiments. 


might be heated 1809, or made 


ro boil, with the heat gene- 


rated 10 the combuſtion of 1/6. 


of the Fuel es ws — - o 
Woe in which, according to the 


reſult of the Experiment, ice-- 


cold auater might (at Munich) 
be made 10 boil with the given 
proportion of Fuel 


kept Boiling one hour with the 


beat generated in the com- 


| 


— 


ö 


15 Time required | to make the water 8 


þ 


other _ Sa made with the ſame Boiler, 


— of 1 1 lb. of the Fuel 


. Experiment Experiment 
| No. 27. No. 28. 
12, 508 tv. | 1 12,508 "I 

> 600 ys W 
3 h. 40 min. 3 h. 3 

n . 

Soo Ibs. As Ibs. 
ah. 3. 
100 Ibe. 5 
Pine- wood Pine - wood 

. 
; 4 
| 12.06 lbs. | 12.70 Ibs. 
4 h. 20 min. 4 h. 20 min. 
ET OT => 
339.80 lbs.  _ 
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On comparing the reſults of theſe Experimehte | 
with thoſe made in the boilers of the kitchens of 
the Houſe of Induſtry and Military Academy, I 
was led to imagine that either the Boiler, or the 
fire-place of the Brewery, or both, were capable 
of great improvement ; for in ſome of the Experi- 
ments with theſe ſmall kitchen Boilers, the Eco- 
nomy of Fuel had been carried ſo far, that with 
the heat generated in the combuſtion of 1 lb. of 
pine - wood, it appeared that 20 lbs. of ice-cold 
water nüght have been made to boil; but here, 
though the machinery was on a ſcaleſo much larger, | 
| (and I had concluded, too raſhly indeed, as will be 5 
ſhown hereafter, that the larger the Boiler the ' 
greater is of courſe the Economy of Fuel,)—the 
_ reſults of theſe Experiments indicated, that not quite 
13 lbs. of ice-cold water could have been made to 
boil with the heat furniſhed in the combuſtion of 
I bb. of the wood. I 
be Experiments, No. 22, 0 2 5, 1588 No. as 
which were made with the largeſt of my kitchen 
| Boilers, had, it is true, afforded grounds to ſuſpe& » 
that, beyond certain limits, an increaſe of ſize in 
a Boiler does not tend to diminiſh the expence of 
Fuel in the proceſs of heating water; yet, as all 
my other Experiments had tended to confirm me 
in the opinion I had, at an early period, imbibed on 
that ſubject, I was diſpoſed to ſuſpect any other 
cauſe than the true one, of having been gag 


mental in producing the unexpected e I 
obſerved. 


5 | | I 
5 | 5 * 48 
0 % * 
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I was much diſappointed, I confeſs, at ding 
that the Brewhouſe Boiler, notwithſtanding all the 
Pains I had taken to fit up its fire place in the moſt 


perfect manner, and notwithſtanding its enormous 
dimenſions, when compared with the Boilers I had 
hitherto uſed in my Experiments, ſo far from an- 
ſwering my expectations, actually required confi- 
derably more Fuel, in proportion to its contents, 


than any other Boiler fitted up on the fame princi- 


ples, which was not one f hieth part of its ſize. 

This unexpected reſult puzzled me ;—and 1 
| nhl own that it vexed me, though I ought per. 
haps to be aſhamed of my weakneſs ;—but it did 
not diſcourage me. Finding on examining the 
Boiler, that its bottom was very thick, compared 
with the thickneſs of the ſheet copper of which my 


kitchen Boilers were conſtructed, it occurred to 


me that poſlibly hat might be the cauſe, or at leaſt 
one of the cauſes, which had made the conſumption 
of Fuel ſo much greater than I expected and as 
there was another Brewhoufe in the neighbour- 
hood belonging to the Elector, which, luckily for 
me, ſtood in need of a new boiler, F availed myſelf 


of that opportunity to make an Experiment, which 


not only decided the point in queſtion, but alſo 
eſtabliſhed a new fact with regard to heat, . 1 


c.onceive to be of conſiderable i importance. 


\ Having obtained the Elector's permiſſion to ar- 
range the ſecond Brewhouſe as I ſhould think beſt, 
I determined to ſpare no pains to render it as per- 


fect as as ata in all * and particularly in 
. 6 | every 
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var thing relating to the Economy of Wd! W 
in brewing, in the manner that buſineſs is carried 
on in Bavaria, where the whole proceſs, in as far as 
Fire is employed in it, is begun and finiſhed in the 
courſe of a day, the ſaving. of time, in heating the 
water and boiling the wort, is an object of almoſt 
as much importance as that of economizing Fuel, 
and conſequently demanded particular attention. 
The means I uſed for the attainment. of both 
theſe objects will be evident from the following de- 
ſcription of the Boiler, and its fire-place, which I 
cauſed to be conſtructed, and which are repreſented 
in all their details in the Plates III, IV, and v. 
This Boiler is 12 (Bavarian) feet long, 10 feet 
wide, and only 2 feet deep. The ſheet copper of 
which it is made is uncommonly thin for a Boiler 
of ſuch large dimenſions, being at a medium leſs 
than one tenth of an Engliſh inch in thickneſs. This 
Boiler, when finiſhed, weighed no more than 
674 lbs. Bavarian weight, equal to 8344 lbs. Avoir- 
dupois, excluſive of 64 lbs. of copper nails uſed' in 
nveting the ſheets of copper togetler. 
The top of the Boiler is ſurrounded by a ſtrong 
curb (a, ö, Fig. 17.) of oak timber, to which it is 
attached by ſtrong copper nails, and over the Boiler 
is built a roof, or ſtanding cover, (lee fig. 17.) 
hmilar in all reſpects to that already delerbbedl. The 
bottom of the Boiler is flat, and repoſes horizon- 
tally on the top of the thin brick walls by which 
the fire· place is divided into flues. (See Fig. 18.)— 
e flues do not run i in the direction of the length 
| ; of 
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of the Boiler, but from one fide . oof. it to 4 
other z—conſequently the door of the fire-place i i 
in the middle of one fide. of the Boiler. 4 
The ſheets of Copper, of which the bottom of 
the Boiler was conſtructed, run in the direction 
of the flues; ; and they are juſt ſo wide that their 
Teams or joinings (where they are united to each 
other by their ſides) repoſe on the walls of the flues, 
except only in the middle flue, which, being about 
twice as wide as the others, one ſeam was neceflaril 
left unſupported, at leaſt a conſiderable part of its 


length. — The ſheets of copper uſed in conſtructing 


this part of the bottom of the Boiler are rather 
ticker and ſtronger than the reſt : They are Pu 
0.118 of an Engliſh inch in thickneſs. / _ 
The fire is made under this Boiler in the middle 
| Jus, which, as I have juſt obſerved, is a little more. 
than Mr e wide as one of the other ſſues. There 
are fve flues under the Boiler; namely, one in the 
middle 44 inches wide, above, in the clear, (which 
conſtitutes the fire- place,) and 7zwo on each fide 
ol it, in which the flame circulates; one 20 inches 
| wide, and the other 19 inches ak . 


The fide flueg are each 141 inches deep . 
* walls which ſeparate them are much thicker 


| | below than above, where the bottom. of the Boiler 


| repoſes on them, the width of theſe flues below is 
only 13 inches.—The walls of theſe flues are —_ 
by dotted lines in Fig. 17. 
The walls which ſeparate the flues do not run 
_ from one ſide of the Boiler to the other; an 
opening 


o 755 e 


C4 


1 and the Kean) of Fiel. 111 


| opening being left at one end of each of them equal 
to the width of one of the narrow flues for the paſ- 
lage of the flame from one flue into another, with- 
out its going from under the Boiler. 
The Fire being made (on a circular grate) i in the | 
middle flue (ſee Fig. 18.), the flame paſſes on in 
this flue to its farther end, and then, dividing to 
the right and left, comes forward in the two ad- 
joining -ſide-flues, Having arrived at the wall 
which ſupports the front of the Boiler, it turns 
again to the right and left; and, entering the two 
outſide flues, returns in them to the back of the 
Boiler, Here it went out (before the fire-place was 
altered) at two openings left for that purpoſe in the 
wall which ſupports the back part of the Boiler, 
and the two currents of flame uniting, entered a 
canal 7 inches wide, and 16 inches high, which 
goes all round the outſide of the Boiler. (See 
Fig. 20.) Having made the eircuit of the Boiler, 
it went off by a canal I Ge with a —_— | 
into the chimney. | 
From this deſcription of the fre place, it appears | 
that the flame and ſmoke. generated in the com- 
buſtion of the Fuel in paſſing through thoſe dif- 
terent flues, made a circuit of above 70 feet, in 
contact with the furface of the Boiler, before they 
were permitted to eſcape into the chimney. This 
thought muſt be ſufficient to give theſe hot fluids 
an opportunity of communicating to the Boiler all 
the heat they could part with, notwithſtanding the 
difficulties which attend their getting rid of it. And 
J coneluded that the communication of their heat 
| 45 


* 
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to the Boiler would be much facilitated and expe- 
dited by the various eddies and whirlpools produced 
in the flame in conſequence of the number of abrupt 
turns and changes of direction it was obliged to 
make! in paſſing under and round the Boiler. 

As the Experiments which have been made with 
this Boiler were conducted throughout with the 
utmoſt care and attention, and as their reſults are 
doth. curious and important in feveral reſpects, 1 
have thought them deſerving of being 8 made known 
abe Public i in all their details. * 


Þ 


"| ant Account of ibres Eibe I. at Mu- 
nich the roth of October 1796, with the new 
Boiler in the Brewery called Neubeuſel, be- 
longing to x15. mosT SERENE Hionxxss the 
Ertcror,—The weather being fair: The 
barometer ſtanding at 28 Engliſh inches, and 
Fahrenheit 8 thermometer at 8 


Dimenſions 'of the Boiler, in Ledgrh 11 fear” 5. 0² inches, 
Engliſh meaſure, as Nu] Ing YO — 
___ » by aQtual admeaſurement, Depth 2 — 9.405 — 
Contents of the Boiler, when quite full to the brim, 143163 lbs. 
Bavarian weight of water, at the temperature of 55˙5 equal 
to 17, f4olbs. Ayoirdupois, or 2099 wine gallons, © 


The Boiler actually contained of water, | 
in the beginning of each of the wo i Bavarian cg 


following experichents, „ 
2 to 10.050 Ibs. Avoirdupois, or nearly 1204 wine gallons, 


The wood uſed in this and the following Experiments was 
Pine, which had been moderately ſeaſoned, and the billets were 
3 feet ks Eogliſh vs 7 in length. 


| 8 
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Finsr EXPERIMENT WITH THE NEW BOILER; 


ee No. 291. 


I 


f 


2 l Temperature of 
rern ut into 
Time. the Fu- lace. ; the 1 the 
£25 t5 497 | We of Qty In degrees of Fah- 
Hours. Min. Billets. | in * renheit's Therm. 
| |; 8 : 
11 31 A. M. | 210 50 50? 
120 — 8 25 — D4 
— 10 P.M, 5 3 67 
_—_ e * 1 85 
— 40 — 4 25 _ 
33 5 25 96 
1 — ö * 25 105 
— 21 — 10 50 110 
— 46 — 10 50 129 
— 58 — © 40 50 — 
2 17 — 46 - 50 156 
— 29 — — — 164 
"ME eee 10 50 , — 
* — — 173 
e 3 a 180 
— 58 — 1410 50 185 
3 1 999 12 50 197 
— 26 — {. £ 20 25 205 
3 — 118 — [the was boiled. 
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The boiling water being let off, and it being re- 
placed immediately with cold water, the ee 
ment was 1 as follows: 


Experiment, No. 30. 


| | | Quantity of Fire- Temperature of 
Time. {| wood put into the | the water in the 
| 2 F ire- place. Boiler. 
85 | : 5 NNoumber of Quantity In dgrees of Fah- 
Hours, Min. Billets. in 0 1 55 
4 41P.M. 40 50 95 
— 50 — "LM 40 © 50 - 72 

5 4. — 10 50 86 
— 16 er | 12 50 f 993 
— 29 — | 10 | 50 114 
— 42 — 10 50 126 
2 40 50 142 

6 10 — 40 50 157 
— 24 — 40 50 — 
— 28 — ? — — 172 
r 40 50 24 
8 Cs | 1851 
ö 40 50 N 

7 2 — ; — — 205 

8 — — the water boilec. 


dk 


= employed, 2 2 26 min. Wood conſumed, ee 


— 
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This voiling water being let off, the Boiler was 
again: filled (immediately) with cold water; and 
in this third Experiment the quantity of water was 

| increaſed to 11,368 Ibs. Bavarian weight, equal to 

14, 78 lbs. Avoirdupois, or 1685 wine gallons. 

The reſults of this Experiment were as follows: 


- Experiment, No. 3 1. 


r 
FE bs 1 Quantity of Fire- | Temperature of 
Time. I | wood put into the | the water in the 
| F ire. place. Boiler. 
„ Number of 3 In degrees of Fake 
Hours, Min, | Billets. || in weight, | renheit's Therm. 
| ; Ibs. 
8 '51 P.M. 80 100 ' 657 
93 40 50 - 7g" 
„ Ow 40 50 90 
e ,,, 107 
8 40 50 118 
10 14 — 40 50 130 
— 28 — 40 50 140 
e Os * 30 155 
111 | 40 50 105 
— 15 — 40 50 175 
30 — 40 50 182 
„ e 40 3 200 
11 58 — : . the water boiled. 
Time 


employed, : 3 h/ 7. min, Wood i conſumed, 050 lbs. 
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The following. Table will ſhow the reſults of 


' theſe three Experiments in in a AD and 1 8 8 


6 


manner: | 4 


Quantity of « water in the 


Bailer at the begin- 


ning of the 
ment, in Bavarian 
puma. 


Temperature of the wa- 

ter at the beginning of 
the Experiment 
Time employed in mak- 
ing the water boil 
Fuel (Pine wood) con- 

ſumed in making the 


FR : 
_ EY 


water boil, in Bavariaxn| 


. 
Preciſe Reſults of the Ex- 


eaments.. Y 


4 * _ 2 
KP. * 1282 


: 
_ 
a x 


Quantity of Ice-cold wa · 
ter "heaſed 16 have 


been heaſed 180 de. 
grees, or made to boil: 
with the heat generated 


in the combuſtion of 
Ilb. of the Fuel 


Time in which, accord- 
ing to the reſult of the 


Experiment, ice-cold. 


water might be made 


to boil at Munich with 


Experiment 


Experi- 


the roo proportion of | 


Foe * 


Experiment | W 
No. ”_ No. 30. U. No. 31. 
| $120lbs, | 8x201bs. | 11, 368 lb. 
F „ 
50˙ | 60? . 65 
4h. 4 min. 2 h. 2 | 3 h. 7 min, 
575 lbs. g5olbs. | 65olbs. 
5 
| 12.541bs, 12.281bs. | 14.591bs, 
2 31 min. 2 h. 59 min. H 3h. 35 mis. 


I was farpriſed, when I compared the reſults of 


theſe Experiments with thoſe made in the other 
Brewhouſe, 


= SYS 


* x L 4 
: 44 7 5 
1 J 4 
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4. 


Prrubeuſe, to find how little i in appearance I had 
x gained by the alterations I had introduced; on a 
more careful examination of the matter, ali 
I found that I had gained much more than I at firſt 
| imagined, both in reſpect to the Economy of Fuel, 
and to that of Time, The amount of theſe _ 
vantages will appear from the following. compari- « 
ſon of the mean * of theſe two ſets of Experi- 


ments: 


Preci 2 Refults if the fire. 
going dr . 


1 1 


— 


1 | Time requined 
Quantity of | to make ices on 
| ice-cold water | cold water bail, ; 
made to boil | according to 
with 11h, of the reſult of the 
| the Fuel. given Experi- 


"a < ment. 
Firſt Set. c 5 — | 4 — 
lbs. - | hrs. min. 3 
In the Experiment No. 27. — 12.06 4 12 
In the Experiment No, 28. — 12.70 4 20 
37 Sum — 24.77 8 40 
Second Ser. „ fa} wit, 


In the Experiment No. 29. — 
In the Experiment No. 30. — 12.28 2 59 


0 


Sum — 24.82 7 30 
Means _ 12.41 | 7; 


The mean keln of theſe two ſets of Expert. 


ments differ very little from each other in appear- 
* : 3 | ance yz 
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ance; and from this circumſtance 1 ſhall prove, that 
the new Boller is better adapted for Having Fuel than 
the old. 
By comparing the reſults of the Experiments 

a made with the ſame Boiler, but with different 
quantities of water, we ſhall conſtantly find that the 
expence of Fuel was 4% in proportion as the quan- 
tity .of water was greater. In the Experiment 
No. 23, when 1271bs. of water were uſed, the re. 
ſult of the Experiment indicated that no more than 
12.74 lbs, of ice-cold water could be made to boil 
with the heat generated in the combuſtion of 1 lb. 
of the Fuel uſed ; but in the Experiment No. 26, 
made with the * Boiler, but when 4 times as 
much water was uſed, or 508 lbs., it appeared 
from the reſult of the Experiment, that 19.01 lbs. 
of ice-cold water might be made to boil ran 1 lb. 
of the Fuel. | 

| Now, in the firſt ſet of the 1 we 
are comparing, as the quantity of water uſed 
(12, 508 lbs.) was much greater than that uſed in 
the ſecond ſet (8 120 lbs.), it is evident, that if the 
conſtruction of the machinery and the Management 
of the Fire had been equally perfect in the two caſes, 
the Economy of Fuel would have been greateſt 
where the largeſt quantity*of water was uſed; 
- that is to ſay, in the firſt ſet of Experiments e | 
as that was not the caſe, it is certain that the Boiler 
' uſed in the ſecond ſet is better adapted to econo-- 
mize Fuel than that uſed in the firſt, 
But we need not go ſo far to ſearch for proofs 


of that fact. * reſult 2 the Experiment No. 31 
is 


* 
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is alone ſufficient to put the matter beyond doubt. 


In this Experiment, in which the quantity of water 


(though ſtill conſiderably ſhort of that uſed in the 
former ſet of Experiments) was augmented from 2 


8120 lbs. to 11,368 Ibs. the ſaving of Fuel was ſo 
much increaſed as to ſhow in a deciſive manner * 
| N ms the! new Boiler. 


ice-cold water | to make ice- 


| with 11b. of | according to 
5 | the Fuel. the r<fulr of the 


Quantizg, . of | Time wise 
made to boil | cold water boil, _ 


| 5 * ZN Experiment. 

The Preciſe Reſults ESR age Knee? 
Of this Experiment (No. 31. ) were] bbs. hrs. Mn. 
as follows, —  — — | 14459 {| 3 37 
In the Experiments No. 27 and . 
No. 28, they were, at a medium, | | "Ry is 4 20 


The difference in the expence of Fuel i in theſe 
Experiments with theſe two Bollers is by no means 
inconſiderable; it amounts to above 14 per cent. 


and would have amounted to more, if more time 


had been allowed for heating the water in the Ex- 


periment with the new Boiler; for it is eaſy to 


ſhow—(what indeed was clearly indicated by all 
the Experiments)—that, in cauſing liquids to boil, 

the quantity of Fuel will be leſs, in proportion as 
the time employed in that proceſs is long; or, 
which is the ſame, —as the Fire is ſmaller : And the 
ſaving of Fuel ariſing from any given prolongation 
of the proceſs, will be the greater as the fire-place 
is more perfect, and as the means uſed for con- 
5 fining the heat are more effectual. | | 

| 14 Though. 
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| Though the general reſults of theſe two ſets of 
Hdperlmants afforded abundant reaſon to conclude 
that the alterations I had introduced in arranging 


the new Boiler were real improvements; yet, when 


I compared the quantity of Fuel conſumed in the 


Experiments with this new Boiler, with the much 


ſmaller quantities, in proportion to the quantity of 


water, which were employed in ſome of my former 


Experiments with kitchen Boilers, I was for ſome 
time quite at a loſs to account for this difference. 


In all my Experiments with Boilers of different 


ſtzes, from the ſmalleſt ſaucepan up to the largeſt 


Ekitehen Boilers, I had invariably found that the 
larger the quantity of water was, which was heated, 


the 40%, in proportion, was the quantity of Fuel ne- 
ceſſary to be employed in that proceſs; and ſo en- 


tireſy had that prejudice taken poſſeſſion of my 
mind, that when the ſtrongeſt reaſons for doubt 
preſented themſelves, they were overlooked ; and 
it was not till I had ſearched in vain on every ſide 
to diſcover ſome other cauſe to which I could attri- 


bute the unexpected appearance that embarraſſed 


me, that I was induced, —=I may fay forced, —to 
abandon my former opinion, and to be convinced 
that What I had too haſtily confidered as a general 
law, does not in fact obtain but within narrow 


limits; —that although; in heating certain quantities 
of liquids, there is an advantage in point of the 
Economy of Fuel in performing the proceſs on a 
larger ſcale, in preference to a ſmaller one; yet, 
when the Squid to de heated amounts to a certain 
1 't x 321.23 | | quantity, 
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quantity, this advantage ceaſes; and if. it exceeds 
that quantity, it is attended with an expence of. 
Fuel proportionally ann n. Lins NEG ee 
| tity is leſs. | 


<, of 
* 0 
5 &* . 


What the ſize of a Boiler and 8 in 1 * 
the ſaving of Fuel may be a maximum, I do not pre- 
tend to have determined; I think however that 
there are ſome reaſons for ſuſpecting that it would 
not be larger than ſome of the kitchen Boilers 
uſed in my Experiments. But I recolle& to have 
promiſed my Reader, that I would not give him 
my: opinions, without laying before him at the ſame 


time the grounds of thoſe opiniqns.— In the preſent. 
caſe they are as follows: 

In an Experiment of which I have already given 
an account (No. 3.), 7 albs. of water, at the 


temperature of 58, were made to bail in a ſauce- 


pan fitted up in my beſt manner, in a cloſed fire- 
place; ; and the wood conſumed was 1 lb. This 
gives for the preciſe reſult cf the Experiment, 
6.68 Ibs. of ice-cold water made to an with I (Ib, 
of the Fuel. 
In another Tapes (No. * made with 
one of the ſmall Boilers belonging to the kitchen 


of the Military Academy, fitted up on the ſame 
principles, 43.63 lbs. of water, at the temperature 


of 60% were made to boil with 3 lbs. of wood. 


This gives 11.93 lbs. of ice-cold water made to 


boil with 1 Ib. of the Fuel. | b 
Apain, in the Experiment No. 20, which was * 


made with a larger * denn to the ſame 
kitchen, 
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kitchen, and fitted up in the fame manner, 187 lbs. 
of water, (equal to about 28 gallons,) at the tem. 
perature of 5 5% were made to boil with the com. 
buſtion of 8 lbs. of fire-wood. This gives 20. 10 lbs. 
of ice-cold” water made to boil with 1 Ib. of the 
wood;—and farther than this I have: not been able 
to o puſh the Economy of Fuel. 

In the Experiment No. 26. a Boiler was uſed, 
[which had been conſtructed with the expreſs view 


to ſee how far it was poſſible to carry the Economy 


of Fuel in culinary proceſſes; and it was fitted up 
with the utmoſt care, and on the moſt approved 


principles. As I thought at that time that a large. 
 fized Boiler was eſſential to the economizing of 


Fuel, this Boiler was made to contain 106 gallons, 
In the Experiment in queſtion it actually contained 
508 Bavarian pounds of water, (or about 63 gal. 
lons,) at the temperature of 48* ; and to make this 
water boil, 24 Ibs, of wood were conſumed. This 
gives 19.01 Ibs. of ice-cold water made to boil with 
1 Ib. of Fuel. Hence it appears that the expence 
of Fuel was greater in this Experiment than in that 
laſt-mentioned. 
Again, in the Experiment No. 31. when no 
leſs than 11, 368 lbs. or 168 5 gallons, of water were 
heated and made to boil in the new Brewhouſe 
Boiler; the wood conſumed amounted to 650 lbs. 
which (as the temperature of the water at the be- 
ginning of the Experiment was 654*®) gives for the 
preciſe reſult of the Experiment, 14.59 lbs. of ice- 
cold water made to boil with the heat generated in 


the combuſtion of 1 Ib. of the Fuel. 
As 


4 
- - 
4 . 
* 
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uu the relative quantities of Fuel expended in 
the Experiments are inverſely as the numbers ex- 


preſſing the quantities of ice-cold water, which, 


from the reſult of each Experiment, it appears 
might have been heated 180 degrees, or made to 
boil, under the mean preflure of the atmoſphere 
at the level of the ſea, with the heat generated in 
the combuſtion of 1 lb. of the Luel'; it is evident 
that theſe numbers meaſure very  accuragely the 
Cifferent degrees to which the Economy of Fuel 
was carried in the different Experiments. The 


Economy of Fuel in heating liquids depending on + 


the quantity of the liquid, as ſhown by the foregoing 
Experiments, may therefore he e 
in the ng manner ; 

] Quantity of wa- GR to 


| Experiment, in | nomy of the 


. Bavarian lbs. Fuel was carried. 


1 4. 0 8 2 AI * 


ter heated inthe which the Eco-— 


2 | | lbs. 
la ache Experiment No. 3 79208 6.68 
No. 185 43 03 „ 
No. 187 20. 10 
No. +; 508 | 19.ot 
No. 31, | 14.308 14.59 


Before I take my leave. of this ſubje& I would 
juſt remark, that the cauſe of the appearances ob- 
ſerved in the Experiments may, I think, be traced 


to that property of flame from which it has been 


denominated a non- conductor of heat: For if the 
different particles of flame give off their heat only 
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to bodies with which they actually come into con, 

ta, the quantity c of heat given off by it will be, 
not as its volume, (and conſequently not as the 
quantity of Fuel conſumed,) but rather as its far 
face.” And as the ſurface of the flame, when fire. 
places are ſimilar, is proportionally greater in ſmall 
than in large fire-places ; the ſurfaces of ſimilar 
bodies being as the /qzares of their correſponding 
fides, while their volumes are as the cubes of tho 
fides it is evident that, on that account, leſs heat 
in proportion to the quantity generated in the com. 


buſtion of the Fuel ought to be communicated to 
the Boiler, when the fire-place and Boiler are large, 


| | than when the procels 1 is carried on upon a ſmaller 


ſcale. 
There are, however, ſeyeral other circumſtance 


to be taken into the account in determining the 


effects of /e in the machinery neceſſary for boil. 


ing liquids ; - and one of them, which has great in- 
fluence, is the heat abſorbed by the maſonry of the 
 fire-place. This loſs will moſt undoubtedly be the 
ſmaller, as the fire. place i is larger; but to deter- 
mine the exact point when, the ſaving on the one 


hand being juſt counterbalanced by the loſs on the 


other, any augmentation or diminution of ſize in 
the machinery would be attended with a poſitive 
loſs of heat, is not eaſy to be afcertained. Pro- 
vided however that proper attention be paid to the 
Management of the Fire, and that as much heat as 
poſſible be generated i in the combuſtion of the Fuel 
(which always be done in the largeſt fire. 


place 


— £...4 nn nen * 


ET 


% 


place: as al it not Fg, at in ſmaller cog 5 
as that part of the heat which goes off i in the ſmoke 
is indubirably loſt, a thermometer placed i in the 
chimney would indicate, with a conſiderable. degree 
of preciſion, the perfections or rer en of the | 
fire-place. jo 

It is well known that the ſmoke which riſes from 4 
 the.chimnies of the cloſed fire-places of very large 
Boilers i is much hotter than that which eſcapes from | Q_ 
ſmaller fire-places ; and I am ſurpriſed that this + 
fact, which has long been known to me, ſhould not 
have led me to ſuſpect that the waſte of Fuel was 
proportionally greater in theſe large fre-places than 
in ſmaller ones. 

| Beſides the Experiments uf which I have given 
an account, ſeveral others were made with the new 
Brewhouſe Boiler; and, among others, four Ex- 
periments were made on four ſucceeding days, in 
brewing Beer; and it was found that conſiderably 
leſs Fuel was expended in theſe trials, than was 
neceſſary in brewing the fame quantity of beer in 
| the other Brewhouſe, in which l firſt introduced 
my improvements. But though the alteration of 
form, diminution of the thickneſs of the metal, &c. 
which 1 had introduced in conſtructing the new 
Boiler, and alſo in the manner of fitting it up, had 
produced a conſiderable ſaving of Fuel, yet it was 
not accompanied by a proportional ſaving « of time. 
{ had flattered myſelf that by making the Boiler 
very thin and very ſhallow, I ſhould bring its con- 
| tents to boil i in @ very ./hort time Fo but I did not con- 
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ſider how much time is neceſfary, for the combut; 
tion of the Fuel neceſſary for heating ſo large a 
quantity of water; otherwiſe my expectations on 
this head would have been leſs ſanguine. The 
quantity of heat generated in any given time being 
- as the quantity of Fuel conſumed, it muſt depend 
in a great meaſure on the ſize of the fire. place; 
and when it is required to heat a large quantity of 
water, or of any liquid, in a very ſhort time, either 
the fire-place muſt be large, or (what in my opinion 
would be {till better) a number of ſeparate fire. 
| places, two or three, for inſtance, or even a 
greater number, may be made under the fam: 
Boiler. The Boiler ſhould be made wide and ſhallow, 
in order to admit of a great number of flues, in which 
the flame and ſmoke of the different Fires ſhould be 
made to cixculate ſeparately under its bottom. 
The combuſtion of the Fuel, and conſequently 
the generation and communication of the heat, 
may in the ſame fire- place be conſiderably accele 
rated by inereaſing the draught (as it is called) of the 
Fire; which may be done by increaſing the height 
of the chimney, or by enlarging the canal leading 
to the chimney, and keeping the damper open, 
when that paſſage is too ſmall ;—or by n 
the length of the flues. 

The maſter brewer having 3 a wiſh that 
ſome contrivance might be uſed by which the water 
might be made to boil a little ſooner in the new 

Boller, I made an alteration in its fire-place which 

| completely anſwered that purpoſe, 
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But beſides the defire 1 had to oblige the maſter 


a. er, (who only thought how he could contrive 


to finiſh as early as poſſible his day's work,) I had 
another, and much more important object in view. 


Having had reaſon to ſuſpe& that flues which go 


round on the outſide of large Boilers do little more 
than prevent the eſcape of the heat by their ſides, 
which, with infinitely leſs trouble and leſs ex- 
pence, may be prevented by other means, —T was 
deſirous of finding out, by a decifive Experiment, 
the real amount of the advantages gained by thoſe 
flues ; or the ſaving of Fuel which they produce. 
And as I was confident that the ſuppreſſion of the 
flue which went round the new Boiler would in- 
creaſe the draught of the fire-place, and accelerate 
the combuſtion of the Fuel, I concluded that if my 
opinion was well founded with reſpect to the ſmall. 


neſs of the advantages derived from theſe /d 


Hues, the increaſe of heat ariſing from the accelera- 
tion of the combuſtion occaſioned by the increaſed 


draught on cloſing them up would more than coun- 
| terbalance the loſs of thoſe advantages, and the 


ume employed in heating the water would be found 
to be actually leſs than it was before. 

The reſults of the following Experiments ſhow 
how far my e were founded. 


a 


E xperiment, No. 32. 


The flue round the outſide of the new Vewikats 
Boiler having been cloſed up, and two canals 


(a 2 b, Fig, 21.) formed from the end of the tæro 
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vutfide flues of thoſe ſituated under the Boiler; by 
which two canals (which were both furniſhed with 


dampers) the ſmoke paſſed off from under the 


Boiler directly into the chimney ; the Experiment 
No. 31. which was made with the ſame Boiler be: 


fore the outſide flues were cloſed up, was now re. 


peated with the utmoſt care, in order to aſcertain 


the effects which the cloſing up of thoſe flues would 


produce. The quantity of water in the Boiler, and 


its temperature at the beginning of the Experiment, 


were the ſame the wood uſed as Fuel was taken 


from the ſame parcel, and it was put into the fire. 
place in the ſame quantities, and at the ame intervals 


f time in ſhort, every circumſtance was the ſame 


in the two Experiments, excepting only the altera- 
fions which had been made in the fire-place. As 
the length of the flues through which the flame and 
fmoke were obliged to paſs to get into the chimney 


Had been diminiſhed: more than half, (or reduced 


from70 to above 3ofeet,)the ſtrength of the draught 
of the fire- place was much increaſed, as was evident 
not only from the increaſed violence of the combuſ- 
tlon of the Fuel, which was very apparent, but alſo 
from another circumſtance, which I think it my 
duty to mention. Before the flue round the Boiler 
was cloſed, if too much Fuel was put into the fire- 
place at once, it not only did not burn with a clear 
flame, but frequently the ſmoke, and ſometimes 
the flame, came out of the fire-place door, even 
when the damper in the chimney was wide open; 


bat after this flue was cloſed up, it was found to be 


Hardly 
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kardlypoſlible to overcharge the bre place, and the 
Fuel always burned with the utmoſt vivacity. - 

I ought to inform my Reader, that though the 
entrance into the flue which went round the outs 
ſide of the Boiler was clofed; and another and a 
ſhorter road opened for the flame and ſmoke: to 
paſs off into the chimney, yet the cauity ↄf the 
| flue remained; and by means of openings (cc 
ccc Fig. 21. Plate V.) about fix inches ſquare. 
in the brick-work which ſeparated this old road 
(which was now ſhut up) from the flues ander the; 
Boiler, the flame was permitted to paſs into this 
cavity, and to ſpread itſelf round the outſide of the 
Boiler. This contrivance (which I would recom- 
mend for all Boilers) not only prevents the eſeape 
of the heat out of the Boiler by its ſides, but con- 
tributes ſomething towards heating it; and as the 
openings in the ſides of the flues do not ſenſibly 
impede the motion of the flame, they can do _ 
harm. OY RE 

As the two een the reſults of which 1 1 
am about to compare, were made with the greateſt _— 

care, and as they are on ſeveral accounts uncom- 95 
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monly intereſting, I ſhall Place them in 5 ee ; 
ous s point of view. _ 5 
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* Comparative View of TWo eee 
made with a new Brewhouſe Boiler. N 


The time is 


reckoned from the beginning of the Exe 


riment, and Was the ſame in both E periments. od 


 Qyantity of water in the Boiler 11 3³⁰ the. Baus ö 
rian n Weight. | 


; | F vel A into the 8 Heat of the water rin le 


fire. ogg 1 9 | 
Time from N | . | 

the begin- | —— — — 
ning of the | | 1 3 
| Experiment Number Quantity | W | 1 7 
Ui billets. | in weight, (ourdde flue || (outſide flue 

; Ren" cloſed.) | 
hrs. min. No. Ibs. A | 1 degrees, | 
nt: Fe. | 003 094 7:0 

© 16 6 „„ * 

9 30 „„ 90 94 
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| Havide found by comparing the reſults of thel 
two Experiments, that I had loſt nothing in reſped 
to the Economy of Fuel, by ſhutting up the outſide 
flue of my Boiler, I was now deſirous of aſcer 


taining how much I had gained in point of time, 
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6r how 3 the increaſed draught of the fire- place, £ 
in conſequence of its flues being ſhortened, en- 
abled me to abridge the time employed in cauſ- 
ing the contents of the Boiler to boil; in caſes in 


which it ſhould be. advantageous to expedite that 


tity of Fuel. 
Buy the following Experiment, in which the c com- 


iter in the aſh-pit door and the damper in the 


chimney conſtantly quite open, may be ſeen how 
far [ n in the attainment of * FRE 


k 2 


proceſs at the expence of a ſmall additional . . 


| buſtion of the Fuel was made as rapid as poſſible 
by keeping the fire- place full of wood, and the re- 
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Experiment No. 33s. 


The Boiler contained 11,368 lbs. Bavaria 
| weight of water at the temperature of 47% Th 
Fuel uſed was pine-wood, moderately. ſeaſoned, i 
| billets three feet four inches long, and ſplit in Into 
mall pieces of about 1 lb. each, chat it might 
burn the more rapidly. 8 

This, Experiment was made the 29th of. Noyen, 
ber 1796, the barometer ſtanding. at 26, inches 8, 
lines on” meaſure, and Fahrenheit $ thermomete 


4. Ak 5 | 
. 3852 1 8 — C 0 | Tempen. 
i CE Fuel ut into the ture of the 
Time.“ 2 f water in 
the copper 
hrs. min. | 3 Ibs. degrees. 
1 | 17 
— 144 iy 100% 58 
— 34 100 88 
— 51 FE 100 100 
, 5 169 25 100 123 
— 25 100 14 
„„ 100 161 
8 | e non 
— 10 — 200 
| — 17 Xs boiled 
Time employed - 2 17] Wood conſumed - 800 | 


In the Experiment No. 32, the ſame quantiy 
of water at the temperature of 652% was made t0 
| boil in 2 hours 59 minutes, with the conſumption 
K 62 5 lbs. of the ſame kind of wood. Had tht 
water in this Experiment been as cold as it was I 


the Experiment No. 33, (namely at the temper 
185 ture 


ture of 47% inſtead of 62 4 Ibs, 705 lbs. of the 


Fuel would have been neceſſary; and the proceſs, 


inſtead of laſting 2 hours and 59 minutes, _ 
have laſted 3 hours and 22 minutes. EY 

Hence we may conclude, that to abridge x hour 
and 5 minutes of 3 hours and 22 minutes in the 
proceſs of boiling 1 1,368 lbs. of water, this cannot 
be done at a leſs additional expence of Fuel than 
that of 95 lbs. of pine-wood ;—or, to abridge the 
time one-third, there muſt be an additional expence 
of about one-cighth more Fuel. 

In ſome caſes it will be moſt profitable to ſave 


time; in others to economiſe Fuel ;—and it will al- 
ways be deſirable to be able to do either, as circum- | 


ſtances may render moſt expedient. 


From a compariſon of the quantities of Fuel 


conſumed, and conſequently of heat generated, in 
the ſame time, with the quantities of heat actually 
communicated to the water, in the Experiments 
No. 32 and No. 33, during this time, an idea may 
be formed of the great quantity of heat that may 
remain in flame and ſmoke after they have paſſed 
many feet in flues under the thin bottom of a Boiler 
containing cold water; and this ſhows with how 


much diffculty theſe hot vapours part with their 


heat, and how important it is to be acquainted with 
that fact in order to take meaſures with certainty 
tor economiſing Fuel. 

I have been the more particular in my account 
of theſe Experiments with large Boilers, as I believe 
no Experiments of the kind on ſo large a ſcale have 


been yet made; 5 and as they were all conducted 
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with care, dir reſults have intrinſic value inde, 
pendent of the r uſes to which 1 have ap- 
plied. chem. 1 | 


Y the relative  Luantities of Heat —_ frm 
Ho | different Kinds of Fuel, 


As in tho countries where this Eſſay is likely to 
ve moſt read, pit-coals are more frequently uſed as 
Fuel than wood, it will not only be ſatisfactory, but 

in many caſes may be really uſeful to my Reader to 
know the relative quantities of heat producible 
from coals and from wood; in order to be able to 
compare the reſults of Experiments in which coak | 
are uſed as Fuel, with thoſe of which I have here 
given an account; or to determine the quantity of 
coals neceſſary in any proceſs which it is known | 
1 be performed with a given quantity of wood. 

It was my intention to have made a ſet of Expe- 
iments on purpoſe to determine the relative quar- | 
tities of heat producible from all the various kinds 
-of combuſtible bodies which are uſed as Fuel ; and 
I made preparations for beginning them, but [ have 
not yet been able to _ leiſure to attend to the 
5 1 
The moſt e Kory account I how been able 
to procure reſpecting the matter in queſtion, is one 
for which 1 am indebted to my friend Mr. Kirwan, 
By this account, which he tells me is founded on 
Experiments made by Mr. Lavoiſier, it appears, 
that equal quantities of water, under equal ſurfaces, 
may be evaporated, and * equal heats 
b proguced , 
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By 403 lbs. of See TAS: By 17 of gene, 

e it-· oO 11 1I0 of Pit-coa 
608 — of Charcoal or x an | 40 of Charcoal 
1069 — of 8 | „ 


I wiſh 10 were at Uberty to tranſcribe the i ingenious 
and intereſting obſervations that accompanied this 
' eſtimate ; but as they make part of a work which I 
underſtand is preparing for the Preſs, I dare not 
anticipate what Mr. KI wax will himſelf ſoon me 
before the Public. PAL 1615379; 


According to this eſtimate it appears that 
1089 lbs. of oak produces as much heat in its 
combuſtion as 600 lbs. of pit-coal. Now, if we 
ſuppoſe that the pine- wood uſed in my Experi- 
ments is capable of producing as much heat per 


pound as oak, — and I have reaſon to think it does 


not afford leſs,. from the quantity of pine-· wood 
uſed in any of my Experiments, it is eaſy to aſcer- 
tam how much coal would have been neceſſary to 
generate the ſame quantity of heat; for the weight 

of the coal which would be required is, to the 
weight of the wood actually conſumed, as 600 to 
1089. 


In one of my Werne (No. 31 191 I, 368 Ibs. 


of water, at the temperature of 6 5z', were made 
to boil with 650 lbs. of pine- wood. As, when the 
Experiment was made, the mercury in the baro- 
meter ſtood at about 28 Engliſh inches, the tem- 
perature of the water when it boiled was only 
209z*, conſequently its temperature was raifed 
(2091-65) 144 degrees. Had the water been 

| K 4 boiled 
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boiled in London, or in any other place nearlyion. 
a level with the ſurface of the ſea, it muſt have 
been heated to 212 to have been made to boil, 
conſequently its temperature muſt have been raiſed 
14623 and to have done this, inſtead of 650 lbs. 
of weeds: 661+ lbs. would have been required; 


D (140? is to 650 lbs. as 1462 to 66x; lbs. 


+ If pit-coal were uſed inſtead of wood, 3632 lbs. 
of = kind of Fuel would have been ſufficient ;— 
for the quantities in weight of different kinds of 
Fuel required to perform the fame proceſs being 
_ inverſely. as the quantities of heat which equal 
weights of the given kinds of Fuel are capable of 

nerating, or directly as the quantities of the kind 

Fuel in queſtion, which are required to produce 
the ſame heat, it is 1089 to 600, as 6614 lbs. of 
wood to 3632 lbs. of coal, een the ee 
eſtimate to be exac.. 

Whether it would be poſlible to cane fo targe a 
quantity of water, ( 1681 wine gallons,) at the given 
temperature, (652 ,) to boil, with this ſmall quan- 
tity of coal, I leave to thoſe who are converſant in 
Experiments of this kind to determine. 

From the reſult of my 2oth Experiment it ap- 

peared that 2057, lbs. of ice-cold water might be 
heated 180 degrees, or made to boil under the 
mean preſſure of the atmoſphere at the level of the 
ſurface of the ocean, with the heat generated i in the 
combuſtion of 1 lb. of pine-wood. Computing 
from the reſult of this Experiment, and from the 
relative quantities of heat, producible from pine- 


wood, 
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wood, and from pit-coal, it appears that the heat 

generated in the combuſtion of 1 lb. of pit. coal, 
would make 36. Ibs. of ice-cold water boil.  - 

Hence it appears that pit-coal ſhould heat 36 
times its weight of water, from the freezing point 
to that of boiling ;—and as it has been found by 
Experiments made with great care by Mr. WAT, 
that nearly 5s times as much heat as is ſufficient 
to heat any given quantity of ice-cold water to the 
boiling point, is required to reduce the ſame quin- 
tity of water, already boiling- bat, to ſteam ; accord- 
ing to this eſtimation, the heat generated in the 
combuſtion of 1 lb. of coal ſhould be ſufficient 
to reduce very nearly 7 lbs. of boiling-hot water to | 
ſteam, 

How far theſe eſtimates agree with the Experi- 
ments that have been made with ſteam. engines, I 
know not; but there ſeems to be much reaſon to 
ſuſpect that the expence of Fuel, in working 
thoſe engines, is conſiderably greater than it ought 
to be, or than it would be, were the Boilers and 
Fire- places conſtrued on the beſt principles, and 
the Fire properly managed. 


An Eſtimate of the real Amount of the Loſe of 
Heat in culinary Proceſſes. 


In attempts to improve, it is always very defir- 
able to know exactly what progreſs has. been 
made ;—to be able to meaſure the diſtance we 
have laid behind us in our advances ; and alſo that 
which {till remains between us and the object in 

view. 


%s cya. ae Ne, 


view. The ground which has been Fele e over is 
eafily meaſured ; but to eſtimate that which ſtill lies 
before us is frequently much more difficult. 


The advances I have made in my attempts to 
improve fire-places, for the purpoſe of economif. 
Ing Fuel, may be eſtimated by the reſults of the | 
4 Experiments of which I have given an account in 
this Effay ; but it wopld be fatisfaory, no doubt, 
to Pier 5 75 much farther it is poſſible to 3 the 
Economy of Fuel. 

In my Ath Experiment, 7 * Ibs. of water, at the 
temperature of 58", were wet to boil, at Munich, 
with 6 lbs. of wood, If, from the reſult. of this 
Experiment, we compute the quantity of ice-cold 
water which, with the heat generated in the com- 
buſtion of 1 lb, of the Fuel, might be heated 180 
degrees, or made to boil, it will turn out to be only 
13 : 1b, or more exactly 1.111b. _ 


| According to the reſult of the Experiment 
No. 20, it appeared, that no leſs than 20.7 lbs. of 
ice-cold water might have been made to bel with 
the heat generated in the combuſtion of 1 lb. of 
ock. | 

It appears, therefore, that about eighteen times as 
hack Fuel, in proportion to the quantity of water 
heated, was expended in the Experiment No. 4, as 
in chat No. 20; and hence we may conclude with 
the utmoſt certainty, that of the heat generated, or 
which, with proper management, might have been 
generated in the combuſtion of the Fuel uſed in 
ö 9 the 
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che ath Experiment, lefs than part was em- 


ployed in heating the water; — the remainder, 


amounting to more than +5 of the whole n | 


being diſperſed and loſt. 


I ventured to give it as my opinion | in the bay: | 


ning of this Eſſay, that * not leſs than ſeven-eighths 
of the heat generated, or which, with proper ma- 
« nagement, might be generated from the Fuel ac- 
« tually conſumed, is carried up into the atmoſphere 
% with the ſmoke, and totally loſt.” —I will leave it 
to my Reader to judge whether this opinion was 
not founded on good and ſufficient grounds. 
But though it be proved beyond the poſſibility 
of a doubt, that the proceſs of heating water was 
performed in the 2oth Experiment with about 7 IT 
part of the proportion of Fuel which was ac- 
tually expended in the 4th Experiment, yet nei- 
ther of theſe Experiments, nor any deductions that 


can be founded on their reſults, can give us any 


„ 
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light with reſpect to the real loſs of heat, or how 


much leſs Fuel would be ſufficient were there no 
lols whatever of heat. The Experiments ſhow 


that the loſs of heat muſt have been at leaſt eight en 
times greater in one caſe than in the other; but 


they do not afford grounds to form even a probable 


conjecture reſpecting the amount of the loſs of heat 


in the Experiment in which the Economy of Fuel 


was carried the fartheſt, or the poſſibility of any 
farther improvements in the conſtruction of fire- 


a 


labours 


222 1 shall, en by availing myſelt of the 
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labours of others, and comparing the reſults of 
their Experiments with mine, endeavour to throw 
ſome light on this abſtruſe ſubject. 

Doctor CRAwTORD found, by an Experiment 
contrived with much ingenuity, and which appears 
to have been executed with the utmoſt care, that 
the heat generated in the combuſtion of 30 grains 
of charcoal raiſed the temperature of 31 lbs. 7 oz, 
| Troy=1 81,920 grains of water, 1 5 degrees of 
Fahrenheit's thermometer, when none of | fe heat 


generated was ſu wffered to eſcape. 


But if 3o grains of charcoal are neceſſary to Fall 
the temperature of 181,920 grains of water 1-7 
degrees, it would require 3157.9 grains of as 
to raiſe the temperature of the ſame quantity of 
water 180 degrees, ox from the point of freezing 
to that of boiling ; Dr is 1.719 to 30 grains, 
as 180 to 3157.9 grains: Conſequently the heat 
generated in the combuſtion of 1 1b. of charcoal 
would be ſufficient to heat 57.608 lbs. of ice-cold 
water 180 degrees, or to make it boil ;—for 3157.9 
grains of charcoal are to 181,920 grains of water as 
1 Ib. of charcoal to 57.608 lbe, of water. 

From the reſults of Mr. LAvois EWS Experi- 
ments, it appeared that the quantities of heat gene - 
rated in the combuſtion of equal weights of char. 
coal and dry oak, are as 1089 to 600. Hence we 
may conclude, that equal quantities of heat are 
generated by x lb. of charcoal and 1.81 5 lbs. of oak; 
conſequently that the heat generated in-the com- 

buſtion 


buſtion of 1.81 5 lbs. of oak, would heat 57. 608 lbs. 
of ice-cold water, —or 1 lb. - of oak, 31.74 Ibs. of 
ice-cold water 180 degrees, or cauſe it to boil;,— 
were no part of the heat pear nl in the combuſtie 
f the Fuel lot. > | 
If now we ſuppoſe the ate of heat pro- 
nb from equal weights of dry oak and of dry 
pine-wood to be equal, — (and there is reaſon to 
believe that this ſuppoſition cannot be far from the 
truth,) we can eſtimate the real loſs of heat in each 
of the two Experiments before mentioned, (No. 4 
and No. 20,) as alſo in every other caſe in which 
the quantity of Fuel conſumed, and the effects pro- 
duced by the heat, are known. | 
Thus, for inſtance, in the 2oth Experiment, as 
the effects actually indicated that with hat part of 
the heat generated in the combuſtion of 1 1b. of the 
Fuel which entered the Boiler, 205 lbs. of ice-cold 
water might have been made to 28 ; as by the 
above eſtimate it appears that 315 lbs. of ice- 
cold water might be made to boil with a/ the heat 
generated in the combuſtion of « 1b. of the Fuel 
it is evident that about one-third of the heat gene- 
rated, was loſt; or r of it was ſaved. _ ” 
This loſs bs certainly not greater than might 
reaſonably have been expected, eſpecially when we 
conſider all the various cauſes which conſpire in 
producing it; and I doubt whether the Economy 
of Fuel will ever be carried much farther. 
In the Experiment No. 4, as the effects pro- 
duced by the heat which entered the Boiler indi- 


cated 
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_ cated that no more than 1.14 1b. of ice-cold water 
could have been made to boil with 1 lb. of the 
Fuel, it appears that in this Experiment * about 
rrth part of the heat generated was ſaved. 
In all the Experiments made on a very large 
ſcale, with Brewhouſe Boilers, rather more than 
one-half of the heat generated tound its ans up the 
un, and was loſt. | 


» 4 
1 
7 - = 
D 
CN 
0 


tid the Fan 2 Feel. Kc 143 4; 


CHAP. N 


4 WS e of a Number of K bent, Ne 4 
private, and Fire-places for various Uſes, which 
have been conſtructed under the Direction of the 
Author, in different Places. —Of the Kitchen of 
the Houss of INDUSTRY aft MUNICH—Of that 
of the Mititary AcareMy—Of that of the 
 MurTary Mzss-Houst—that of the FaRM- 
Hovusz, and thoſe belonging to the INN in the 
EncLIsH GARDEN ar MUNIcn.—Of the Kit- 
chens of the Hoſpitals of La PETA; and La Mi- 
SERICORDIA aft VERONA.—Of a "Final! Kitchen 
fitted up as a Model in the Houſe of Six JohN 
SINCLAIR Bart. in LonDON.—Of the Kitchen 
of the FounDLING HosPITAL in LonDON.—Of . 
a MLTrARY K1TCHEN for the Uſe of TRooPs in 
CamP.—Of a PoRTABLE BOILER for the Uſe of 
Troops on a MarRCH.—Of a large BolLER fitted 
up as a Model for BLEACHERS at the L1NEN- 
HALL in DuBLIN.—Of a Fire-place for CooK- 
ING, and at the ſame Time WARMING A LARGE 
Hal I.; and of a PERPETUAL OveN, both. fitted 
up in the Hovsz of INDUSTRY at DUBLIN. - 
the KITCHEN—LAUNDRY—CHIMNEY FIRE- 
PLACES—CoOTTAGE FIRE-PLACE==and Madel 


N 
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of a  tutz-ctLn—firted up in InzLAND, in the 
Houſe of the DUBLIN SOCIETY: | 


Mv wiſh to give the moſt complete information 


poſſible, with regard to the grounds on which 


the improvements I propoſe are founded, has in-. 


duced me to be very particular in my account of 


my Experiments, and of the concluſions and prac- 
tical inferences I have thought myſelf authoriſed to 
draw from them; and as theſe inveſtigations have 


frequently led me into. abſtruſe- philoſophical di- 


quiſitions, which might not perhaps be very inte- 


reſting to many of my readers, to whom a ſimple 
account of my Fire- places, with directions for con. 


ſtructing them, might be really uſeful; in order to 


accommodate readers of all deſcriptions, I have 
thought it beſt to divide my ſubject, and to reſerve 
what I have till to ſay on the mechanical part of 


it, the Conſtruction of Kitchen F ire-places,—for | 


2 ſeparate Eſſay. In the mean time, for the in. 
formation. of thoſe who may haye opportunities of 


_ examining any of the Kitchens, —or Fire-places, for 


other pnrpoſes,.—which have already been con- 
ſtructed on my principles, under my direction, 

have annexed the following; account of them, and 
of the particular merits and imperfections of each 
of them. his account, added to what has been 
ſaid in the foregoing Chapters of this Eſſay on the 


eonſtruction of Fire- places, will, I flatter myſelf, be 


found ſufficient to convey the fulleſt information re- 


petting the ſubject under e, and enable 


— 
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thoſe, who may wiſh to adopt the propoſed im- 
provements, to conſtruct Fire- places of all kinds on 
the principles recommended, doit hout wy 0 8 
Aiſtance. 

Thoſe who may not have leiſure to enter into 
theſe ſcientific inveſtigations, and who, notwith- 
ſtanding, may wiſh to imitate theſe inventions, will 
find all the information they can want 1n my next 


As dog of the Kitchen ah the Housk of INDUSTRY 
a MUNICH, m its prefent State. 


Taz large circular copper boiler (which i is ſitu- 
ated in a ſmall room adjoining to the great Kit- 
chen) is fitted up in a very complete manner; 
its (wooden) cover is cheap, ſimple, and durable, 
and anſwers perfectly well for confining the heat; 
the ſteam tube (or ſteam chimney, as I have 
called it) is very uſeful, as it carries off all the 
ſteam generated in cookin g, and keeps the air 
of the Kitchen dry and wholeſome.— To carry off 
the ſteam which riſes from the hot ſoup when it is 
ſerved up, there is a ſteam-chimney of wood, (fur- 
niſhed with a valve, ) the opening of which is ſitu- 
ated at the higheſt part of the Kitchen. - To pre- 
vent the cold air from coming down by this paſſage 
into the Kitchen, its damper (which is opened and 
ſhut by a cord which goes over a pulley) is, .in 


winter, kept conſtantly ſhut, except juſt when it 
vor. u. e 4 
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is neceffary to open it for a moment to let out the 

The only alteration I would make, were I to fit 
up this boiler again, would be to leave openings 
by which the flues might be cleaned occaſionally, W 
without lifting the boiler out of its place.— This 

ſhould be done in the fire · places of all large boilers, 
This þoiter, which is uſed every day, requires to 
have its flues cleaned, and its bottom and fide 
ſcrubbed with a broom, to free them of ſoot, once 


in ſix weeks. 


Over againſt this boiler i is a mad for drying 
potatoes, which has been found to anſwer perfect) 
well the end for which it was contrived. Potatoes 

* firſt moderately boiled, and then ſkinned and cut 

into thin ſlices, and dried in this , _ be 

kept good for many years. 

The eight iron boilers in the great Kitchen ae 

fitted up on good prineiples ; and the oven which 

is heated by the ſmoke from the fire-places of two 
of theſe boilers, (which oven is deſtined for drying 
the wood for the uſe of this . is deſerving 
of attention. 

The wooden covers of theſe eight boilers, and the 

horizontal tubes, conſtructed of wood wound 

round with canvas and painted with oil colours, 
by which the ſteam is carried off, have been found 
to anſwer very well the purpoſes for which the 


were contrived. 
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The Kitchen of the Military Academy at Municn. 


This Kitchen in its preſent ſtate is ſo perfect in 
all its parts, that I do not think it capable of ax 
conſiderable improvement. The roafter, which has 
been in daily uſe /ever years, is ſtill in good con- 


| dition, and bids fair to laſt -änty years longer. — 


It is large and roomy, and has been found to be 
extremely uſeful. Though the different parts of 
this Kitchen are not diſtributed with ſo much ſym- 
metry as could have been wiſhed, owing to local 
circumſtances, yet it is very complete in its various 
details, and all the various procefles of cookery are 
performed in it with little labour, and with a very 
imall expence indeed of Fuel. Two large boilers 
and three large ſtewpans, which are fitted up in 
a detached maſs of brick-work in a corner of the 
room, (on the right hand on going into it,) I can 
recommend as perfect models for imitation. In 
ſhort, I know of nothing that I could wiſh to alter 
in this Kitchen.—To ſay the truth, it has already 
undergone a ſufficient number of changes and 
alterations. | „ 


The Kitchen in the Military Hall or Officers' M. 5 
Houſe in the Engliſh Garden at Municon. = 


This Kitchen is much leſs perfect in its details 
than that juſt mentioned. — It was built in the 
ſpripg of the year 1790, and has ſince undergone 

LS EY, only 
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only a few trifling alterations. It has three roaſters, 
which are made ſmall on purpoſe to ſerve as 
models for private families; and I have had the 
119 to know that they have often been imi. 
tated, 


Garden. 5 


This Kitchen is well contrived for the uſe for 
which i it was deſigned, and I can recommend it as 
a very good model for the Kitchens of Farm. 
Houſes, for families conſiſting of eighteen or twenty 
perſons. One of the boilers, which is deſtined for 
warming water for the uſe of the Kitchen and the 
ſtables, is, in winter, heated by the ſmoke of a Ger- 
man ſtove, which is ſituated in an adjoining room, — 
that inhabited by the Overſeer of the farm. 


The great Kitchen of the Inn in the Garden. 

2 This Kitchen, which is adjoining to the Farm. 
houſe, is contrived almoſt for the ſole purpoſe of 
roaſting chickens before an open fire, a kind of 


food of which the Bavarians are extravagantly 
fond. It has three open fire- places, conſtructed on 


the principles recommended in my Eſſay on Chim: | 


ney Fire-places, fronting different ſides of the 
Kitchen, and all opening into the ſame chimney, 
which chimney i is built nearly in the middle of the 
room. This Kitchen was built before 'my roaſter 


were come into uſe. EF 81 
ry: | | | | | The 


The K itchen in the Mi Hine i in the 2 2 j | 
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The ſmall Kitchen belonging to the Im. 


| This Kitchen has nothing belongin g to it that 
deſerves attention, or that I would recommend 
for imitation. It was originally defi gned merely 
jor making coffee, chocolate, &t. | 
A Kitchen that has lately been fitted up on my 
principles, in the new Hoſpital for the infirm 
and helpleſs Poor, which is ſituated on the height 
called the Ga/teig, on the fide of the river oppoſite 
to the town of Munich, is much more intereſting, 
b and i is a a good model for 1 imitation. | 


The Kitchen of the Hoſpital of La Pitta at VeRONA 


ls peculiarly intereſting, on account of its conve- 
nient form and the perfect ſymmetry of its parts. 

The maſs of brick-work in which the boilers are 
fixed occupies the middle of one fide of a large 
high room, which is plaſtered and white-waſhed, 
and neatly paved. The covers of the large boilers 
are lifted up by ropes which go over pullies fixed to 
the ceiling of the top of the room; but were I to 
build the Kitchen again, I ſhauld ſubſtitute wooden 
covers with ſteam chimnies inſtead of them, ſuch 
in all reſpects as that belonging to the large round 
copper boiler in the Kitchen of the Houſe of In- 
duſtry at Munich. When the covers are ſo large 
that they cannot conveniently be lifted on and off 
it the hand, they ſhould, in my opinion, always 


＋ 3 be 
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be made of wood, and divided into parts, united by 
hinges. When they are deſigned for confining the 
ſteam entirely, they ſhould be made on a peculiar 
conſtruction, which will hereafter be deſcribed, 
The covers for ſmall boilers, and thoſe for Hance, 
pans, ſhould always be of tin, and double. 

The grates on which the fires are made under the 
boilers in the Kitchen of the Hoſpital of La Pitta, 
are circular; but they are not hollow, or difhing, 

as that improvement did not occur to me till after 
that Kitchen was finiſhed, The ſpiral flues under 
the boilers are alſo wanting, and for the ſame rea. 
ſon. In allother — this Kitchen is, 1 believe, 
ate 8 


The K aber 15 the K o/pital of La M 223 at 


| VzRONA 


4s conſtrued on the ſame principles as that of | 
La Pitta, The only difference between them is in 
the diſtribution of the boilers. That of La Mi. 
ſericordia is built round two ſides of the room. 
In many cales, this manner of diſpoſing of the 
boilers will be found more convenient than any 
bother; but in all caſes where this method of placing 

them is preferred, care muſt be taken to place 
the largeſt boilers fartheſt from the chimney, and 
the ſmaller ones nearer to it, and in Tegular ſuce 
ceſſion as their ſizes diminiſh. This is neceſſary, 
in order that in the maſs of brick-work in which 


wah boilers are fixed, ne may be room 550 
8 the 
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the ſmaller boilers for the canals which carry off 
the ſmoke from the large ones into the chimney. _ 
This circumſtance was attended to in conſtruct- 
ing the ſmall Kitchen that I fitted up laſt ſpring 
in the houſe of Sir John Sinclair, Bart. Preſident 
of the Board of Agriculture, Whitehall, London, 
This Kitchen (which was intended to ſerve as a 
model, and is open to the public view at all hours) 
is by no means as perfect as I wiſhed it to be:. 
Having been built during my journey to Ireland, 
ſeveral miſtakes were made by the workinen I FS 
ployed, who, though they have great merit in their 
different lines of buſineſs, had not then had ſuffi- 
cient experience in conſtructing Kitchens on my 
principles, to be able to execute ſuch a job in my 
_ abſence without committing ſome faults. Thoſe 
which were moſt eſſential I corrected; but my ſtay 
in England after my return from Ireland was too 
ſhort, and my time too much taken up with other 
matters to rebuild the Kitchen from the found- 
ation; which I was very deſirous of doing, and 
which, with the permiſſion of the Proprietor, I 
ſhall certainly do when I come to England again. 
The greateſt fault of the Kitchen is the want of 
dampers to the cinals by which the ſmoke is car- 
Tied off from the cloſed fire-places of the boilers 
and ſaucepans into the chimney. Theſe dampers 
ſhould never be omitted in any fire-place, however 
ſmall,” They are neceſſary, even in fire-places for 
the ſmalleſt Lucepahs, and no large boiler ſhould 
on wy account be without one. Some Experi- 
* 1 4 ments 
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ments I have lately made (ſince my return to Ba. 
varia) have ſhewed me how very neceſſary theſe 
dampers are; and I conſider it as my duty to the 
Public to loſe no time in recommending the gene. 
ral uſe, of them. The flattering attention that 
has been paid by the Public to the various im. 
provements I have taken the liberty to propoſe, not 
only demands my warmeſt gratitude, but lays me 
under an indiſpenſable obligation to exert myfſelf 
to the utmoſt to deſerve their eſteem, and to merit 
the diſtinguiſhed marks of their confidence with 
| which on ſo many occafions I have been honoured. 
But to return to the Kitchen in the houſe of Sir 
John Sinclair—(the place where the meetings of 
the board of Agriculture are held, and where of 
courſe there is a great concourſe of ingenious men 
from all parts of the kingdom, —of men zealous 
for the progreſs of uſeful improvements) ; as 
the room is very ſmall, it was not poſſible to do 
more in it than juſt to fit up a few ſmall boilers 
and ſaucepans ; ; and one middling-ſized roaſter, 
ſuch as might ſerve for a ſmall family; which laſt 
is a machine ſo very uſeful that I cannot help flat- 
tering myſelf that it will ſoon come into general 
uſe. The ſaving of Fuel which it occaſions is 
almoſt incredible, and the meat roaſted in it is re- 
markably well-taſted and high-flavoured. | 
One of theſe roaſters, on a large ſcale, was put 
up, under my direction, in the Kitchen of the 
Foundling Hoſpital in London; and though | 


could not ſtay in en to ſee it finiſhed, I have 
| had 
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had the ſatisfaction to learn, ſince my arrival at 
Munich, from my friend Mr. Bernard, (who is 


Treaſurer to the Hoſpital,) that it has anſwered 
even beyond his expectations. He informs me, 


that when 112 lbs. of beef are roaſted in it at once, 
the expence for Fuel amounts to no more than 


fur pence ſterling; and this when the coals are 


reckoned at an uncommonly we" price, e 
at 18. 4d. the buſhel, 

In the roaſter telovatila to the Kitchen of the 
Military Academy at Munich, I cauſed 100 lbs. 
Bavarian weight—(equal to 123.84 lbs. Avoirdu- 
pois)—of veal, in ix large pieces, to be roaſted at 


once, as an Experiment; the Fuel conſumed was 


33 lbs. Bavarian weight of dry pine-wood, (equal 


to 40.86 lbs. Avoirdupois,) which, (at 4+ florins 


the clafter, weighing 2967 Ibs. Bavarian weight) 
coſt 3 creutzers, or about one penny ſterling. | 

This Experiment was made in the year 1792. 
Happening to mention the reſult of it in a large 
company in London, ſoon after my arrival there in 
the autumn of the year 1795, I had the mortifica- 
tion to perceive very plainly by the countenances 
of my hearers how dangerous it is to promulgate 
very extraordinary truths. I afterwards grew more 
cautious, and ſhould not now have ventured to 
publiſh this account, had not the reſults of Expe- 
riments equally ſurpriſing, which have been 


made with the roaſter in the Kitchen of the 
Foundling Hoſpital, been made known to the 


Public. 


Not 
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Not only the roaſter, but the boilers alſo which 
have been put up under my direction in the Kitchen 
of the FoundLinG HoseiTai, have been found 
to anſwer very well; and J am informed that ſe. 
Feral other great Hoſpitals are about to imitate ' 

them. As I left London before the Kitchen of the 

Foundling Hoſpital was entirely finiſhed, I do not 
know whether there are dampers to the canals by 
which the ſmoke goes off from the fire-places of 

the boilers, and from that of the roaſter, to the 
chimney. If there are not, I could wiſh they 
might {till be added; and I would ſtrongly recom- 

mend it to thoſe Sho may be engaged in conſtrud 

ing Kitchen fire-places on my principles, never ty 
emit them. 

Oval grates of caſt iron, in the form 5 a diſh, 
ſuch as I have deſcribed in the foregoing Chapters 
of this Eflay, were tried in the Kitchen of the 
Foundling Hoſpital ; but the heat was found to be 
ſo intenſe that they were ſoon melted and deſtroy- 
ed; and we were obliged to have recourſe to com- 
mon flat grates, compoſed of ſtrong bars of cat 
iron. Perhaps the heat generated in the combul- 
tion of pit - coal is fo intenſe, when completely con- 
_ fined, (as it ought always to be in cloſed fire. places,) 
that it will not be poſlible, where coals are uſed as 
Fuel, to uſe the hollow diſhing grates I have in- 
troduced in the public kitchens at Munich, and 
which have been deſcribed and recommended in 


this Eſſay. 


Since 
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Since my return to Bavaria, I have made ſeveral 


Experiments with grates compoſed of common 


bricks, placed edgewiſe, and I find that they an- 
ſwer for that uſe full as well, if not better, than 
iron bars. By making bricks on purpsſe for this 
uſe, of proper forms and dimenſions, and compoſed 
of the beſt clay mixed with broken crucibles beaten 
to a coarſe powder, Kitchen fire-places might be 
fitted up with them, which would be both cheap 
and durable, and as perfect in all other reſpects as 
any that could poſſibly be made, even were the 


moſt coſtly materials to be uſed in their con- 


ſtruction. 

Jo diminiſh {till farther the expence artuircle 
the eonſtruction of cloſed Kitchen fire-places de- 
ſigned for the uſe of poor families, the opening by 
which Fuel is introduced might be cloſed with a 
brick, or with a flat ſtone ;—another brick, or 
ſtone, might be made to ſerve at the ſame time as 
a regiſter and a door to the aſh-pit, and a third as 


2 damper to the chimney or canal for carrying off 


the ſmoke from the fire· place. 

[ lately had an opportunity of fitting up a Kit- 
chen on theſe principles, in the conſtruction of 
which there was not à particle of iron uſed, or of 
any other metal, except for the boiler. On the 


approach of the French army under General Mo- 


reau in Auguſt laſt, (1796,) the Bavarian troops 
being aſſembled at Munich, (under my command,) 
for the defence of the capital, the town was ſo full 

9 h of 
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of ſoldiers that ſeveral regiments were obliged to be 
quartered in public buildings, and encamped on 
the ramparts, where they had no conveniencies for 
cooking. For the accommodation of a part of 
them, four large oblong ſquare boilers, compoſed 
of very thin ſheet copper well tinned, were fitted 
up in a mals of brick-work in the form of a croſs ; 
each boiler with its ſeparate fire-place, communi. 
cating by double canals, furniſhed with dampers, 
with one common chimney, which ſtands in the 
centre of the croſs, The dampers are thin flat 
tiles; the grates on which the Fuel is burned are 
compoſed of common bricks, placed edgewiſe; 
and the paſſages leading to the fire-place, and to 
the aſh-pit, are cloſed by bricks which are made to 
ſlide in grooves. 
VDnder the bottom of wk boiler, which is quit 
flat, there are three flues, in the direction of its 
length ; that in the middle, which is as wide as both 
the others, being occupied by the burning Fuel. 
The opening by which the Fuel is introduced is at 
the end of the boiler fartheſt from the chimney ; and 
the flame running along the middle flue to the end 
of it, divides there, and returning in the two ſide 
flues to the hither end of the boiler, there riſes up 
into two other flues, in which it paſſes along the 
outſide of the boiler into the chimney. The boilers 
are furniſhed with wooden covers divided. into two 
equal parts, united by hinges. In order that the 
four boilers may be tranſported with greater fa- 


cility from place to Place, (from one camp to an- 
ö other, 


of this portable Kitchen, 


Pa 


other, for inſtance,) they are not all preciſely of the 

fame fize, but one is ſo much leſs than the other, 
that they may be packed one in the other. The 
largeſt of them, which contains the three others, 
is packed in a wooden cheſt, which is made juſt 


large enough to receive it. In the ſmalleſt may be 
packed a circular tent, ſufficiently large to cover 
them all. In the middle of the tent there muſt be 
a hole through which the chimney muſt paſs. 
The four boilers, together with the tent, and all 
the apparatus and utenſils neceſſary for a Kitchen 
on this conſtruction for a regiment conſiſting of 


1000 men, might eaſily be tranſported from place 


to place on an Iriſh car drawn by a fingle horle. 
I have been the OY. particular in my account 


found very uſeful for troops in camp. The Right 


Honourable Mr. Thomas Pelham made a trial of 


one of them laſt ſummer for his regiment, (the 


 Sufſex militia,) and found it to be very uſeful. The 


faving of Fuel was very conſiderable indeed ; and 


theſaving of trouble in cooking not leſs 1 important. 
The firſt Experiment we made together in a fingle 


boiler, fitted up for the purpoſe in the open air, in 
the middle of the court-yard of Lord Pelham's 
houſe in London. 


I ought perhaps to have reſerved what I have here 


aid onthe ſubje& of theſe Military portable Kitchens 
for my Eſſay on Kitchen fire-places, where it would 
more naturally have found its place; but being per- 
uaded of the great advantages that may be de- 


rived 
. 
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as I think it would be 
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rived from them, I am unwilling to loſe a momeyt 
in recommending them to the attention of thoſe 
who have it in their power to bring them into uſe, | 
Thoſe who wiſh to know more about them may, 
1 am confident, procure every information they 
can deſire reſpecting them, by applying to Ms 
Pelham, or to any of the Officers of the Suſſex 
militia who were in camp with the regiment laſt 
ſummer. 
There is one more invention for the uſe of ar. 
mies in the field, which I wiſh to recommend, and 
that 1s a portable boiler of a light ang cheap con- 
ſtruction, in which victuals may be cooked on x 
march. There are ſo many. occaſions when it 
would be very deſireable to be able to give ſoldiers, 
haraſſed and fatigued with ſevere ſervice, a warm 
meal, when it is impoſſible to ſtop to light fires and 
| boil the pot, that I cannot help flattering myſelf 
that a contrivance, by which the pot actually boiling 
may be made to keep. pace with the troops as they 
advance, will be an acceptable preſent to eyery hu- 
mane officer, and wiſe and prudent general. Many 
a battle has undoubtedly been loſt for the want of 
a good comfortable meal of warm victuals to re- 
cruit the ſtrength and raiſe the fpirits of troops 
fainting with hunger and exceſſive fatigue. 

But to return from this digreſſion.— The form 
of the two principal boilers in the Kitchen of the 
FounDLinG Hos?PITAL is that of an oblong 
ſquare; that form, which, on ſeveral accounts, 


have reaſon to think preferable to all others for large 
boilers, 


1 
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dolls; but eſpecially on account of the facility. of 
fitting them up with ſquare bricks, and of cleaning 
their flues, I firſt introduced in Ireland in ſeveral 
fire-places deſigned for different uſes, which I fit- 
ted up as models, in Dublin, during the viſit I 
made laſt ſpring to that country. on the invitation 
of my friend Mr. Secretary Pelham. 5 
The firſt of theſe oblong ſquare boilers is that 
which i is fitted up in the court-yard of the Linen- 
hall at Dublin, as a model for bleachers : it is 8 feet 
wide, 10 feet long, and 2 feet deep; and it is fur- 
niſhed with a wooden cover, which, ſhutting down 
in a groove in which there is a ſmall quantity of 
water, the ſteam is by theſe means confined in the 
boiler. | This cover is moveable on its hinges, 
which are placed at the end of the boiler fartheſt 
from the door of the fire-place ; and it is occaſion- 
ally lifted up by means of a rope that goes over 
a compound pully which is fixed over the boiler 
at the top or ceiling of the room. 
Under this boiler there are five flues, which run 
in the direction of its length, and are arranged and 
conſtructed in the ſame manner as the flues of the 
new Brewhouſe boiler that J lately fitted up at 
Munich, — (See Fig. 21, Plate V.)—There are no 
ues round the outſide of this boiler ; but the 
brick walls, by which they are defended from the 
cold air, are double, and the ſpace between them is 
| filled with charcoal duſt. 
The Fuel burns at the hither end of the middle 


flue, in an oval diſh- -prates and the flame running 
along 
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| along i in this fue under the middle of the boiler to 
the farther end of it, there divides, and returns in 
the two adjoining flues : Alt then turns to the right 
and left, and going back again in the two outſide 
flues to the farther end of the boiler, goes out 
from under it, there, in two canals, which floping 
upwards conduct it to the flues of a ſecond boiler of 
equal dimenſions with the firſt, where it circulates, 
and warms the water which is RY for refilling 

the firſt boiler. 
As theſe boilers are made of exceedingly thin 
ſheer-copper,—and thin boilers are ſtronger to reſiſt 
the effects of the Fire, and conſequently more 
durable, than very thick ones,—they both together 
coſt much leſs than one ſingle boiler on the com- 
mon conſtruction ; and Mr. Duffin, Secretary to 
the Linen-board, who is a very active, intelligent 
man, and is himſelf engaged in a large concern in 
the bleaching buſineſs, ſhowed me a computation 
founded on actual Experiments which he himſelf 
made with this new boiler, by which he proved 
that the ſaving of Fuel which will reſult from the 
general introduction of theſe boilers in the bleach- 
ing trade throughout Ireland will amount to at 

b fifty thouſand pounds fterling a-year. | 
In a Laux DR that I fitted up in the houſe 
ding to the Dublin Society, (and which is de- 
ſigned to ſerve as a model for laundries for private 
gentlemen's families,). there are alſo two oblong 
ſquare boilers, the one heated by the Fire, and the 
other by the ſmoke ; and * lmoke, after having 
circulated . 
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erculated | in the flues under the frond boiler, 
palles through a long flue; (conſtructed like hot- 
houſe flues,) which goes round two ſides of the dry=. 
ing-room, (which is adjoining to the waſhing-room,) 
and then paſſing through the wall of the drying- 
room into the ironing- room, it goes off into an 


n chimney. 
As the bottom of the ah boiler lies o on a wad 


with the top of the firſt, the warm water runs out of 
the ſecond to re-fill the firſt, by a tube furniſhed with 
a braſs cock, which greatly facilitates the filling of 
the principal boiler. The wooden covers of theſe 
boilers, which are double and movable on hinges, 
are ſhut down in grooves in which there is water, 
and the ſteam being by theſe means confined, is 
forced to paſs off by a wooden tube ſtanding on a 
part of the cover which is faſtened down to the bats 
with hooks, carries the ſteam upwards to the 
height of ſeven or eight feet, where it goes off late- 
rally by another (horizontal) wooden tube, through 
the wall into the drying-room. As ſoon as this hori= =— 
zontal wooden tube has paſſed through the wall into 
the drying-room, it ends in a copper tube, about 
three inches in diameter, which, lying nearly in a 
| horizontal poſition, conducts the ſteam through the 
middle of the drying-room in the direction of its 
length, and through a hole in a window at the end 
of the room into the open air. 
The ſteam in paſſing through the drying- room in 
a metallic tube, (which is a good conductor of 
heat,) gives off its heat through the ſides of the 
VOL, II. NM tube 5 
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irons, projects into the drying- room, but the door 
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ö tube to the air of the room, and the water which 
is condenſed runs off through the tube. By ſloping 
the tube apwards, inſtead of downwards, as by ac. 
cident it was ſlopped, the condenſed water, which is 
always nearly boiling-hot, when it is condenſed, 
might be made to return into the boiler, which 
would be attended with a ſaving of heat, and conſe- 
| quently of Fuel. 
I) e furnace for heating the i irons uſed in ſmooth 
ing the linen,\(or ironing, as it is called,) is a kind 
of oven built of bricks and mortar,” the bottom of 
which is a ſhallow pan of caſt iron, 18 inches ſquare 
and about 3 inches deep, which is nearly filled 
with fine ſand. The fire being made under this 
pan in a cloſed fire-place, as the ſand defends the 
upper ſurface of the pan from the cold air of the 
atmoſphere, the pan is commonly red-hot, and the 
irons, being ſhoved down through the ſand and 
placed in contact with this plate of red-hot metal, 
are heated ina very ſhort time, and at a ſmall ex. 
pence of Fuel. | 

This contrivance might be uſed with great fuccels 
for covering the Hot Plates on which ſauce- pans are 
made to boil in many private Kitchens. 

This ſtove, or oven, for heating the ſmoothing- 


by which the irons are introduced, as well as that 
leading to the fire-place, and that leading to the 
alk. pit, all open into the ironing- room. 

Ihe ſmoke goes off through the drying- room in 
an iron tube, and aſſiſts in warming che room and 
in drying the linen. * 
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Bb it may ſometimes be neceſſary to heat the 
drying-room when neither the waſh-houſe boilers 
nor the ſtove for heating the ſmoothing-irons are 
heated, proviſion is made for that, by conſtructing 
a ſmall cloſed fire- place, deſigned merely for that 
purpoſe, which opens into the flue, by which the 
ſmoke from the boilers is carried round the dry- 
ing room. This fire-place (which is never uſed 
but when it is wanted for drying the linen) is fitu- 
ated juſt without the drying-room, under the 
end of the flue where it joins the ſecond boiler.— 
The opening at the top of its fire-place, by which 
the flame of the burning Fuel enters the under 
part of the flue, is kept cloſed by a ſliding plate of 
ron, when this fire- place is not uſed ; and when 
it is uſed, the door which cloſes the opening 
into the fire- place of the firſt or principal boiler, 
and the . in its aſh-pit door, are both ys 
ſhut. 

That the wp of the principal boiler might not 
be too high above the pavement of the waſk-houſe 
for the laundreſſes to work in the boiler without 
being obliged to go up ſteps or ſtairs, the grate and 
the bottom of the flues under the boiler are nearly 
on a level with the pavement, and the afh-pit is 
ſunk into the ground , and to render the approach 
to the opening into the fire-place more convement 
in introducing the Fuel, and lighting and manag- 
ing the Fire, there is an area before the fire-place, 
about 3 feet ſquare, and 2 feet deep, ſunk in the 
ground, and walled up on its ſides, into which 
there is a deſcent by ſteps. In two of the ſides of 

1 M 2 theſe 
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theſe vertical walls (thoſe on the right and left 
when you ſtand fronting the fire-place) there are 
vaults for containing Fuel, which extend ſeveral 
feet under the. pavement. The ſteps which de. 
ſcend into this area are on the fide of it oppoſit 
the fire- place. 
Areas of this kind are very neceſſary for all fire. 
places for large boilers, otherwiſe the top of the 
boiler will neceſſarily be raiſed too high above the 
level of the pavement to be approached with faci. 
lity and convenience. Steps may be made, it is 
true, for approaching boilers which are placed 
higher; but theſe are always inconvenient, and 
take up more room, and coſt more than the execu- 
tion of the plan here propoſed for rendering them 
| unneceſſary. 
The areas before the b door of the large 
bcilers in the Kitchen of the Foundling Hoſpital 
are occaſionally cloſed by trap-doors. As often a 
this is done there muſt be a number of ſmall holes 
bored in the, door, to permit the air neceſſary for 
feeding the Fire to deſcend into the aſh- pit; and 
when the bottom of the paſſage leading i into the 
fire-place happens to lie above the level of the up- 
ptr ſurface of this trap-door, the part of the door 
immediately under this opening ſhould, to prevent 
accidents from live coals which may occaſionally 
fall out of the fire-place, be e with a thin 
plate of ſheet-iron. 
When large boilers are Sith up in Gituation 


where it is not poſſible to ſink an area in front of 
8 | the 
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the fire-place, the maſs of brick-work in which 
the boiler is ſet muſt be raiſed, . and ſteps mult be 
made to approach it. When this is done, the up- 
per ſtep ſhould be made very wide, (at leaſt two 
feet,) in order that there may be room to ſtand and 
work in the boiler; and for {till greater conve- 
nience, the ſteps ſhould be continued round three 
ſides of the boiler, when the_boiler ſtands in a de- 
tached maſs of brick-work. The bottom of the 


door of the fire-place ſhould, if poſlible, be above 


the upper flat ſurface of the upper ſtep; and to pre- 
ſerve the ſymmetry of the whole, the aſhi-pit door 


may be in the front of the upper ſtep, and the paſſ- 


age into the aſh-pit (which will be long of courſe) 
may deſcend in a gentle ſlope. In this manner the 
Kitchen of the Hoſpital of ia Pieta at Verona was 
conſtructed. 


No inconvenience whatever attends the increaſe 
of the length of the paſſage into the aſh-pit, except 


it be that very trifling one, (which ſurely does not 
deſerve to be mentioned,)—the increaſe of labour. 
attending the removal of the aſhes ; but the incon- 
venience would be very conſiderable which would 
unavoidably attend the diſcontinuation, or breaking 


off, of the ſteps round the hither end, or front of 


the boiler, which would be neceſſary in order to be 


able to place the aſh-pit door directly under the fire. 


Place door, and to make a way to approach it. 
The flues under the principal boiler of the Laun- 
dry in the Houfe of the Dublin Society, are not con- 
trived ſo as to divide the flame and cauſe it tp cir- 
1 3 5 culate 


. TA . . ̃—lN.̃ 7˙ SN fe TIO bane. 1 
wo one IE, 


166 Of the Management of Fire, 


culate in 7s currents; they run from fide to ſide 
under it : the door of the. fire-place is not in the 
middle, but on one fide of the boiler, and near one 
end of it. The flame paſſing and returning (under 


the boiler) twice from its front to its oppoſite ſide, 


goes off at its end (that fartheſt from the fire. 
place) into a canal furniſhed with a damper, which 
canal, riſing upward at an angle of about 45 de- 
grees, leads to the flues under the ſecond boiler. 
The bottom of the flues of the principal boiler are 
Juſt on a level with the pavement of the waſh-houle ; 
and, in order that they may eaſily be cleaned out, 
and the bottom of the boiler ſcrubbed with a 
broom to free it from ſoot, the ends of the flues 
were, in building the fire-place, left open, and after- 
wards, when the boiler was ſet, they were cloſed by 
temporary (double) walls of dry bricks. To make 
theſe walls tight, the joinings of the bricks were 
plaſtered on the outſide with moiſt clay. | 
The ſides of the boilers are defended from the 

cold air by thin walls of bricks covered with wainſ- 
- cot, and by filling the ſpace between theſe walls and 
the boiler with pounded charcoal. Were I to fit 
up theſe boilers again, I ſhould leave this ſpace 
void, or filled merely with air, forming ſeveral . 
| ſmall openings below, through which the flame and 


hot vapour from the flues might aſcend and ſur- 


round the boiler. In the large Boiler fitted up in 
the Linen-hall as a model for bleachers, this altera- 
tion is alfo neceſſary, to render it complete; and as 


it wel be made in a few hours, and almoſt with- 
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out any expence, I cannot help expreſſing a wiſh 
that it might ſtill be done. 

The ardent zeal for the bee of his coun- 
try, and indefatigable attention to every thing that 
tends to promote uſeful improvement, which ſo 
eminently diſtinguiſh that enlightened patriot and 
moſt reſpectable ſtateſman, to whom the manufac- 
tures and commerce of Ireland, and the linen-trade 
in particular, are ſo much indebted, encourage me 
to hope that he will take pleaſure in giving his 
aſſiſtance to render the models for improving fire- 
places and ſaving Fuel, which I have had the ſatiſ- 
faction of leaving in Ireland, as free from faults as 
they can poſſibly be made. 

Though my ſtay in Ireland was too mort to con- 
ſtruct models of all the improvements I wiſhed to 
have introduced in that delightful and moſt inte- 
reſting iſland, yet the liberality with which my 
various propoſals were received, and the generous 
aſſiſtance I met with from all quarters, enabled me 
to do more in two months than I probably ſhould 
have been able to have effected in as many years in 
ſome other older countries, where the progreſs of 
Wealth and of refinements have rendered it ex- 
tremely difficult to get people to attend to uſetul | 
improvements. 

I I wiſhed much to have bool able to have fitted 
up the great Kitchen in the Houſe of Induſtry at 
Dublin, as the expence of Fuel is very conſiderable 
in that extenſive eſtabliſhment, where more than 
1500 perions are ted daily, at an average; but not 

W 4 a. 


huouſes, even though the hot-houſe. ſhould happen to be firvated at 2 
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having time to niſl ſo conſiderable an undertak. 
ing, I thought it moſt prudent not to begin it. 
fitted up one large boiler as a model at one end of 
one of the working-halls; ; but this was deſigned 
principally to ſhow how a large hall might be 
heated from a Kitchen fire-place, and from the very 
fame Fire which is uſed for cooking“. The 
ſmoke from the fire-place is carried along hori- 
zontally on one fide of the hall from one end of it 
to the other; and the boiler being cloſed by a co. 
ver which is ſteam-tight, the ſteam from the boiler 
is alſo forced along from one end of the hall to the 
other, in an horizontal leaden pipe, which runs 
parallel to the flue occupied by the ſmoke, and lies 
immediately over it. In warm weather, when the 
hall does not require to be heated, the ſmoke and 
ſteam go off immediately into the atmoſphere by a 
chimney adjoining to the fire-place, without paſſing 
through the hall. 
Io be able to equalize the heat i in 92 hall.— 
(which is very long and narrow, ) —or to render it 
as warm at the end of it which is fartheſt from the 
fire · place: as at that next the Fire, I directed cloth- 
ing for the ſteam tube of warm blanketing to be 
made in lengths of three or four feet, to be occa- 
ſionally put round it and faſtened by buttons. wh 
By clothing or covering the ſteam tube more 
or leſs, as may be found neceſſary 1 in thoſe parts c of 
the hall where the heat is greateſt, the ſteam being 
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8 This contrivance might eaſily be applied to the heating of  hot- 


conſiderable diſtance from the Kitchen, 
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by this covering prevented from giving off its heat 
to the air through the tube, will go on farther and 
warm thoſe parts of the hall which otherwiſe would 

be not ſufficiently heated. The ſteam tube, which 
is conſtructed of very thin ſheet- lead, is about 3 
inches in diameter, and inſtead of being laid 
exactly in a horizontal poſition, flopes a little 


upwards, juſt ſo much that the water which reſults | 
from the condenſation of the ſteam may "oY into - 


the boiler *. 4 \ 

The horizontal flue through which the ſmoke 
paſſe i is a round tube of ſheet-iron, about 7 inches 
in diameter, divided, for the facility of cleaning it, 


in lengths of 12 or 15 feet, fixed nearly horizon- 


tally at different heights from the floor, or, in an 
interrupted line, in hollow pilaſters or ſquare co- 
lumns of brick-work. A common hot-houſe flue, 
conſtrued of bricks and mortar, would have an- 


* I contrived a fire-place for heating one of the principal churches in 
dublin on theſe principles, with ſteam (but without making uſe of the 
ſmoke); and I promiſed to give a plan (which, I am aſhamed to ſay, 
I have not yet been able to finiſh) for heating the ſuperb new building 

deſtined for the meeting of the Iriſh Houſe of Commons, - 

One of the two chimney fire-places, which I fitted up in the hall in 
which the meetings of the Royal Iriſh Academy are held, will, I 1 ima» 
pine, be found to anſwer very well for heating high rooms and large 
halls in private houſes. - In. this fire-place I have endeavoured, and 1 
believe ſucceſsfully, to unite the advantages of an open fire with thoſe 
of a German ſtove. The grate uſed in fitting up this fire-place, and 
which is of caſt iron, and far from being anelegant f in its form, and 
which coſt only ſeven ſhillings and Sixpence fterling, is decidedly the beſt 
adapted for open chimney fire-places, where coals are uſed as Fuel, of 


any I have yet ſeen, By a letter I lately received from a friend in 


ireland, I had the ſatisfaction to learn that theſe gr ates are coming 
ery faſt into general uſe in 1 that country. 
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ſwered equally well for warming the hall, but would 
have taken up too much room, which is the only 
_ reaſon it was not preferred to theſe iron tubes. 


In conſtructing the boiler, (which is of thin 


ſheet- iron,) I made an Experiment which fucceeded 
even beyond my expectation. The flues under the 
boiler— (and there are none round it) are projec. 
tions from the bottom of the boiler ;—they are 
hollow walls of ſheet-iron, about 9 inches high, and 
an inch and three quarters thick, into which the 
liquid in the boiler deſcends, and which in fad 
_ conſtitute a part of the boiler. By this contrivance 
the flame is ſurrounded on all ſides, except at the 
bottom of the flues, (where the heat has little or no 
tendency to paſs,) by the liquid which is heated, 
and the fire-place is merely a flat maſs of. brick. 
work. The prate is even with the upper ſurface of 
this maſs of brick-work, and the aſh- 1 is the only 
cavity in it. | 

In conſtructing the boiler, proviſion was made, 
by omitting or interrupting the hollow walls or di. 
viſions of the flues, in the proper places, to leave 
room for introducing the Fuel, —for the paſſage of 
the flame from one flue to another, and from the 


laſt flue into the canal by which the ſmoke goes of 
into the chimney, or into the iron tubes by which 


the hall is occaſionally warmed.” 

One principal object which I had in view in thi 
Experiment was to ſee if I could not contrive 1 
boiler, which, being ſuſpended under a waggon ct 


other wheel carriage, might ſerve for cooking for 
troops 
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troops on 2 wink; or which, being merely ſet 


kindled under it. 

Thoſe who will take the trouble to examine the 
boiler i in queſtion, will find that the principle on 
which it is conſtructed may eaſily be applied to the 


objects here mentioned, But it is not merely for 


portable boilers that this conſtruction would be 
found uſeful ; I am convinced that it would be very 
advantageous for the boilers of ſteam-engines,— 
for diſtilleries, -and for various other purpoſes. 
As the eſcape of heat into the brick-work is almoſt 
entirely prevented, and as the ſurface of the boiler 
on which the heat is made to act is greatly increaſed 
by means of the hollow walls, the liquid in the 
boiler is heated in very ſhort den and with a 
ſmall quantity of Fuel. 


There is ſtill another advantage attending this 
conſtruction, which renders it highly deſerving 


|; the flues arched inſtead of flat, (which may eaſily 
N be done, and which is actually done in the boiler 
F in queſtion,) or in the form of the roof of a houſe, 
„ the hotteſt part of the flame will of courſe always 
occupy the upper part of the flues, and as the 
chick or viſcous part of the liquor in the boiler, that 


which is in molt danger of being burned to the 


pirit which comes over, cannot well lie on the 
or Neonvex or floping ſurface of theſe flues, there will 


down on the ground, a fire might be e 


the attention of diſtillers. By making the tops of 
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be leſs "A of an accident which diſtillers have 
hitherto found it extremely difficult to prevent. 

In conſtructing boilers on theſe principles for 
diſtillers, it will probably be found neceſſary to in. 
ereaſe very much the thickneſs of the hollow wall 
of the flues; and perhaps to make them even deeper 
than the level of the bottom of the flues,. in order 
more effectually to prevent the thick matter which 
will naturally ſettle in thoſe cavities from being 
expoſed to too great a heat. 

A ſimilar advantage will attend large boilers con. 
ſtructed on theſe principles for making thick ſoup; 
for hoſpitals; ' theſe ſoups being very apt to bum 

to the bottoms of the boilers in which they are pre 
oo - 

J made another Experiment in the Houſe of 
Induſtry in Dublin, which I wiſhed much to hare 
had time to have proſecuted farther. Finding that 
the expence for wheaten bread for the Houſe was 
very great, (amounting, in the year 1795, to 10 
leſs than 38411. ſterling,) I ſaw that a very con- 
ſiderable ſaving might be made by furniſhing thoſe 
who were fed at the public expence with oater 
cakes (a kind of bread to which they had alway: 
been uſed,) inſtead of rendering them dainty and 
ſpoiling them by giving them the beſt wheaten 
bread that could be procured, as I found had hi. 
therto been done. But to be able to furniſh oaten 
cakes in ſufficient quantities to feed 1 500 perlons 
ſome more convenient method of baking them than 


that commonly practiſed was neceſſary, and one a 
whic 
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| which the expence of Fuel might, be greatly 
leflened. 
With a a view to facilitate this important change 
in the mode. of feeding the numerous objects of 
charity, and of correction, who were ſhut up toge- 
ther within the walls of that extenſive eſtabliſh- 
ment, I conſtructed what I would call a Perpetual 
Oven. e 1775 
In the centre of a circular, or rather cylindrical 
maſs of brick-work, about eight feet in diameter, 
which occupies the middle of a large room on the 
' Fround floor, I conſtructed a ſmall circular 
cloſed fire-place for burning either wood, peat, 
turf, or coals. The diameter of the fire-place is 
about eleven inches, the grate being placed about 
ten inches above the floor, ang the top of the fire- 
place is contracted to about four inches. Immedi- 
ately above this narrow throat, ſix ſeparate canals 
(each furniſhed with a damper, by means of which 
its opening can be contracted more or leſs, or en- 
tirely cloſed) go off horizontally, by which the 
fame is conducted into ſix ſeparate ſets of flues, 
under fix large plates of caſt iron, which form the 
bottoms of ſix ovens on the ſame level, and joining 
each other by their ſides, which are concealed in 
the cylindical maſs of the brick-work. Each of 
theſe plates of caſt iron being in the form of an 
equilateral triangle, they all unite in the centre of 
the cylindrical maſs of brick-work, conſequently 
the two ſides of each unite in a point at the bottom 


of it, forming an angle of fixty degrees. 
- The 
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The flame, after circulating under the Bottom 
of theſe Ovens, riſes up in two canals concealed i in 
the front wall of each Oven, and fituated on the 
right and left of its mouth, and after circulating 
again in ſimilar flues on the upper flat ſurface of 
another triangular plate of caſt iron which forms 
the top of the Oven, goes off upwards by a canal 
furniſhed with a damper into a hollow place, ſitu- 
ated om the top of the cylindrical maſs of the brick. 
work, from which it paſſes off in a horizontal iron 


tube, about ſeven inches in diameter, ſuſpended 


near the cieling of the room, into a e ſitu- 
ated on one ſide of the room. 5 

Thele ſix Ovens, which are contiguous to each 
other in this maſs of brick- work, are united by 
their ſides by thin walls made of tiles about 11 
inches thick, and 10 inches ſquare, placed edye- 
wife, and each Oven having its ſeparate canal, fur. 
niſhed with a regiſter communicating with the 
fire-place, any one or more of them may be heated 
without heating the others, or the heat may be 
turned off from one of them to the other in conti- | 
nual ſucceſſion ; and, by managing matters pro- 
perly, the proceſs of baking may be uninterrupted. 
As ſoon as the bread is drawn out of one of the 
Ovens, the fire may be immediately turned under 
it to heat it again, while that from under which the 
Fire is taken is filled with unbaked loaves, and 
cloſed up. 

A principal object hiph I had in view in con- 


rafting this Oven was to prevent the great loſs of 
| heat 
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heat which is occaſioned i in large Ovens, by keeps 
ing the mouth of the Oven open for ſo conſider- 
able a length of time as is neceſſary for putting in 
and drawing out the bread. As one of theſe ſmall 
Ovens contains only five large loaves, or cakes, it 
may be charged, or the bread when baked may be 
drawn, in a moment ; and, during this time, the 
other five Ovens are kept cloſed, and conſequently 
are not loſing heat; one of them is heating, while 
the other four are filled with bread in difterent ſtages 
of the proceſs of baking. 


When I conſtructed this Oven, though I had 
no doubt of its being perfectly well calculated for 
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the uſe for which it was principally deſigned.— if \ 
baking oaten cakes, which are commonly baked on [| . 
heated iron plates, —yet I was by no means ſure it 308 
would anſwer for baking common bread in large 138 
thick loaves. I had not made the Experiment. 1608 
And though I could not conceive that any thing N 
more could be neceſſary in the proceſs of baking mal 
than heat,—and here I was abſolutely maſter of 368 
every degree of it that could poſſibly be wanted, and 21 
could even regulate the /ucce//ron of different de- 1 
grees of it at pleaſure, I thought it probable that 1 
ſome particular management might be required in i 
baking bread in theſe metallic ovens, a knowledge 1 
of which could only be acquired by experience. 1 
What ſerved to ſtrengthen theſe ſuſpicions was a Wl 
diſcovery which had accidentally been made by the bl 
cook of the Military Academy. In the courſe of i" 
his experiments, he found that "my Roaſter is ad- i 
| 8 hart "nn 
« 11 
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mirably well calculated for baking pies, puddings, 


and paſtry of all kinds ; provided however that 
the Fire be managed in @ certain way ;—for when 
the Fire is managed in the ſame manner in which 


It ought to be managed in roaſting meat, pies and 


_ paſtry will abſolutely be ſpoiled. After repeated 
failures and diſappointments, and after having loſt 
all hopes of ever being able to ſucceed in his at. 
tempts, the cook (by mere accident, as he aſſurel 


me) diſcovered the important ſecret ;—and import. 


ant he certainly conſiders it to be, and feels no 
_ ſmall degree of fatisfaftion,—not to ſay pride,— 


in having been ſo fortunate as to make the dif. 


covery. He muſt pardon me if I take the liberty, 
—even without his permiſſion, —to publiſh it to the 
world for the good of mankind. 


De Roafter muſt be well heated before the pies i 


paſiry are put into it, and the blowers muſt never be 
quite cloſed, during the proceſs. | 

I have lately found that by uſing ſimilar precau- 
tions, bread ma perfectly well baked in metallic 
Ovens, ſimilar 05 3 in the Houſe of Induſtry 1 in 
Dublin. 

Thinking it more PR probable | that means 
might be deviſed for managing the heat in ſuch 
manner as to perform that proceſs in Ovens cot 
ſtructed on theſe principles, and heated from with 
out; and conceiving that not only a great faving 
of Fuel, but alſo ſeveral other very important ad. 
vantages, could not fail to be derived from that 
diſcovery, on my return from Munich to England, 

2g 
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in 0 "laſt, I immediately ſet about making Ex- 
iments, with a view to the inveſtigation of that 
ſubje& ; and I have ſo far ſucceeded in them that, 
for theſe laſt four months, my table has been ſup- 
plied entirely with bread baked in my own houle, 
by my cook, in an Oven conſtrued of thin ſheet- 
iron, which is heated (like my Roaſters) from with- 
out; and I will venture to add, that I never taſted 
better bread. All thoſe who have eaten of it have 
unanimouſly expreſſed the ſame opinion of it. It 
is very light;—tnoſt thoroughly baked without be- 
ing too much dried, —and I think remarkably: well 
taſted. The loaves, which are made {mall in order 
that they may have a greater proportion of. cruſt, 
(which, when the bread is baked in this way, is 
ſingularly delicate, ) are placed in the Oven on eir- 
cular plates of thin ſheet-iron, raiſed about an inch 
on ſlender iron feet. Were the loaf placed on the 
bottom of the Oven, the under. cruſt would-pre- 
ently be burnt to a coal, and the bread ſpoiled. | 
A precaution abſolutely neceſſary in baking bread 
in the manner here recommended, is to leave a paſ- 
lage for the ſteam generated in the proceſs of bak- 
ing to eſcape. This may be done either by 
conſtructing a ſteam-chimney for that purpoſe, 
furnined with a damper ; or ſimply by making a 
regiſter 1 in the door of the Oven. 70 
As this i is not the proper place to enlarge on this 
lubject, I ſhall leave i it for the preſent; ; but I can- 
not help expreſſing a wiſh, that what I have here 
advanced may induce others, ec Bakers, 
VOL, 11. N who 
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who may find their own advantage in the profecy. 
tion of theſe intereſting and important Be ations, 
t turn their attention to them. 

How exceedingly uſeful would my Roaſters be, 
and Ovens conſtrued on the principles here re. 


commended, on ſhipboard Having ſerved a cam. 


Peaign (as a volunteer) in a large fleet, (that com. 


manded by Admiral Sir Charles Hardy in the yeat 


1779, ) and having made ſeveral long ſea- voyages, 
J have had frequent opportunities of ſeeing hoy 
difficult it is in bad weather to cook at ſea; and it 
s eaſy to imagine how much it would: contribute to 
the comfort of ſea-faring people, eſpecially at time: 
when they are expoſed to the greateſt fatigues and 
hardſhips, to enable them to have their tables vel 
ſupplied with warm victuals. e W945 T1 

In order that the motion of the veſſel might not 
derange any part of the apparatus uſed in the pro- 
ceſs of cooking at ſea in my Roaſters, the form of 
the Roaſter ſhould be that of a perfect cylinder 
and the dripping-pan in which the meat is placed 
ſhould be a longitudinal ſection of another cylinder, 
leſs in diameter than the Roaſter by about an inch, 
and ſuſpended on two pivots in the axis of the 
Roaſter, in ſuch a manner that the dripping pan 
may ſwing freely in the Roaſter, without touching 
its ſides. The Roafter ſhould be placed in the 
brick. work, with its axis in the direction of the 


length of the ſbip; and to prevent the gravy from 


deing thrown out of the dripping- pan when the 
8 22 pitches, its be ay ſhould be —_ 


into 
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into a number of compartments, by partition run» 


ning acroſs it from ſide to ſide. 
It remains for me to give ſome account of. the 


ln Society, às a model for private families z—and 
alſo of a Cottage Fire- place, and a Lime-kiln, which 


I conſtrued, as models for i nen, in the court- 


yard of that public building. 


With regard to the Kitchen, ir is e chat I Ne 


ſhould remark at ſetting out, that it was not intended 
ſo much to ſerve as a model complete of a convenient 
Kitchen for a private family, as to 47 iſplay a variety 
of uſeful. inventions, all or any of which may, at 
pleaſure, be eaſily adopted, in Kitchens of all kinds 
and of all dimenſions. I thought this would be 
more uſeful than any ſimple model. of a Kitchen I 
could contrive. | 

It is however a very complits Kitchen z. 1 
though there are ſome contrivances belonging: to 


| it which might have been omitted, yet they will 


all, I am confident, be found uſeful for the different 
purpoſes for which they were particularly deſigned ; 
and, in a Kitchen for a large n, would often 
come into uſe. 

The general diſpoſition of the various parts 5 
this Kitchen I conſider as being quite perfect. It 
is the ſame as that of the Hoſpital of Ja Pitta at 
erna; and of a very complete private Kitchen 
which was built about two years ago at Munich, 
under my direction, in the houſe of Baron Lzn- 


CHENFELD,. Steward of the Houſehold to His 
of N 2 {a Most 


Kitchen, which I fitted up in the Houſe of the Dub 
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Moser Szrrnz Homes THe ELO TOR. In 1 
future Eſſay, which will treat-excluſively of the Con. 
ſtruction of Kitchen Fire- places, and of Kitchen 
Utenſils, I ſhall give a particular detailed account 
of the manner in which the various Boilers, — Steam. 

boilers, Saucepans, Oven, Roaſters, & c ate 

= | / diſpoſed and connected in the maſs of brick-work 

1 in theſe Kitchens; and ſhall accompany theſe 

| 2 deſcriptions with a ſufficient number of Plates to 

| „ beider _ HE ere 
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ThE Cottage Pins place which E Erted fp as 2 
mode in the court- yard of the Houſe of the Dublin 
Society, was not quite finiſhed when. I left Ireland; 
but an idea may be formed from what was done of 

the general 1 on which ſuch Fire- places may 

e conſtructed. On each fide of the open chimney 
Firedplace; (which; being ſmall, was built in the 
middle of one much larger, which was conſtructed 

to repreſent a large open Fire- place, ſuch as are nov 
general in Cottages,) I fitted up an Tron Pot on a 

; peculiar conſtruction, caſt by Mr. Jackſon of Dub. 
lin, and deſigned for the uſe of a poor family in 
vookinz their victuals. This Pot is nearly of 2 
cylindrical form, about fixteen inches in diameter, 

and eight inches deep; and under its bottom, which 
is quite flat, there is a thin ſpiral projection, which 

| was caſt with the Pot, * ſerves inſtead of feet to 


it 


— - 
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it, "thi turns of which, when the Pot i is ſet down. 
on a flat ſurface, form a ſpiral flue in which the 
fame circulates under the bottom of the Pot. This 
projection, which i is near half an inch thick where 
it is united with the bottom of the Pot, and leſs 


chan a quarter of an inch below where its lower 


edge reſts on the ground, is about four inches wide, 
or rather deep. It was made tapering, in order to 
its being more eafily caſt. To defend the outfide 
of this Pot from the cold air, the Pot is incloſed in 


a cylinder of thin ſheet-iron, equal in diameter to the 
extreme width of the Pot at its brim,—juſt as high 
as the depth of the Pot and of its ſpiral flues taken 


together. The Pot is faſtened to this cylindrical 


caſe by being driven into it with force, a rim in the 
form of a flat hoop, about an inch and an half 


deep and a little tapering, being caſt on the outſide 
of the Pot at its brim, the external ſurface of which 
was fitted exactly into the top of this cylinder. 


This projection is uſeful, not only in uniting the 
Pot to its cylindrical caſe, but alſo to keep this 
cylindrical caſe at ſome ſmall diſtance from the ſides 
of the Pot, by which means the heat is more 
effectually confined. 


To be able to move about this Pot from place to 


place, it has two handles, which are riveted to the 


outſide of its cylindrical caſe; and it is provided 


with a wooden cover. 


I am ſenſible that I often expoſe yt to cri- 


ticiſm by anticipating what would more naturally 


ind its place elſewhere. But what I have here 
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aid in regard. to this Iron Pot is intended merely a as 
hints to awaken the curioſity and excite the atten. 
tion of ingenious men,— of ſuch as take pleaſure 
in exerciſing their ingenuity. in contriving and per. 

 feQting uſeful inventions; and who delight in con. 
_ templating the progreſs of buman OW. | 


* ade of a perpetual Line lila. 


Tun particular objects principally had in view 

in the conſtruQtion of this Lime-kiln (which ſtands 
in the court-yard of the Dublin Society) were, 
Ant, to cauſe the Fuel to burn in ſuch a manner a 
to conſume the ſmoke ;—which was effected by 
7 obliging the ſmoke to deſcend and paſs through the 
Fire, in order that as much heat as poſſible might 
'be\generated. — Secondly, to cauſe the flame and 
hot vapour which riſe from the Fire to come into 

| contact with the lime-ſtone by a very large furface, 
4 c in order to economiſe the heat, and prevent its 
| _ . going off into the atmoſphere; which was done by 
| making the body of the Kiln in the form of : 
| Hollow truncated cone, and very high in propor- 
tion to its diameter ; and by filling it quite up to 

the top with lime-ſtone, the Fire being made to 

enter near the bottom of the cone.—Thirdly, to 

make the proceſs of burning lime perpetual, in order 

7 bn to prevent the waſte of heat which unavoidably 
. attends the cooling of the Kiln in emptying and 


filling it, when, to Perform that operation, it i 
_— 


— 


CL 
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neceflary to put out the Fire. And fourthly, to 
contrive matters ſo that the lime in which the proceſs 
of burning is 77% finiſhed, and which of courſe is 
ſtill intenſely hot, may, in cooling, be made to give , 
off its heat in ſuch a manner as to aſſiſt in heating 
the freſh quantity of cold lime · ſtone with which the 
Kiln is repleniſhed as often as a portion of lime 1s 
taken out of it, 
| To effectuate theſe purpoſes, the Pualid is not ; 
mixed with the lime-ſtone, but is burned in a cloſed "Th 
fire-place, which opens into one fide of the Kiln, li 
ſome diſtance above the bottom of it. For large 
Lime-kilns on theſe principles there may be gre" 
fre · places, all opening into the ſame cone, an | 
ſituated on different ſides of it; which fire-places 
may be conſtructed and regulated like the fire- 
places of the furnaces uſed for IRS porce- 
N or earthen ware. 
At the bottom of the Kiln there i is a a which 
18 occaſionally opened to take out the lime. 
When, in conſequence of a portion of lime be- 
ing drawn out of the Kiln, its contents ſettle down, 
or ſubſide, the empty ſpace in the upper part of the 
Kiln, which is occaſioned by this ſubtraction of the 
| burned lime, is immediately filled up with froth 
lime-ſtone. . 
As ſoon as a portion of lime de taken away, e ; 
door by which it is removed muſt be immediately 
ſhut, and the joinings well cloſed with moiſt clay, | 


to prevent a draught of cold air through the Kiln. 
"> OS A ſmall 
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A ſmall opening however muſt be leſt, for, reſo 
which I ſhall ' preſently explain. 
As the Fire enters the Kiln at ſome SEA from 
the bottom of it, and as the flame 7j/zs as ſoon ag 
it comes into this cavity, the lower part of the Kiln 
(that below the level of the bottom of the fire-place) 
is occupied by lime already burned; and as this 
lime is intenſely hot, when, on a portion of lime 
from below being removed, it deſcends into this 
part of the Kiln, and as the air in the Kiln, to 
which it communicates its heat, mult 21% upward; 
in conſequence of its being heated, and paſs off 
through the opening at the tap of the Kiln, this lime 
in cooling is, by this contrivance, made to aſſiſt in 
heating the freſh portion of cold lime-ſtone with 
which the Kiln is charged. Jo facilitate this com- 
munication of heat from the red-hot lime juſt 
burned, to the lime-ſtone above, in the upper part 
of the Kiln, a gentle draught of air through the 
| Kiln from the bottom to the top of it, muſt be 
eſtabliſhed, which is done by leaving an opening in 
the door below, by which the cold air from with- 
out may be ſuffered to enter the Kiln. This open- 
Ing (which ſhould be furniſhed with ſome kind of a 
regiſter) muſt be very ſmall, otherwiſe it will occa- 
ſion too ſtrong a draught of cold air into the Kiln, 
and do more harm than good; and it will probably 
de found to be beſt to cloſe it entirely, after the 
.me in the lower part of the Kiln has parted with 
na certain Proportion of its heat. 
* Conceiving 
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Conceiving the improvement of Lime - kilns to be 
a matter of very great national importance, eſpecially 
Aa ule of lime as manure has become ſo gene- 
ral, I intend to devote the firſt leiſure time I can 
ſpare to a thorough inveſtigation of that ſubject; 
in the mean time, Lhave here thrown out the looſe 
ideas I have. formed reſpecting i it, in order that they 
may be examined, corrected, and improved upon by 
others who may be engaged in the ſame purſyits. 

The model I. cauſed to be conſtructed i in the 
eum of the Dublin Society, is, I am ſenſible, 
very imperfect. It was built in a great hurry, 
being begun and finiſhed the ſame day, the day 
but one before I left Ireland; but I am now en- 
gaged in conſtructing a Lime- kiln on the fame prin- 
ciples, (for the uſe of the farm in the Engliſh 
Garden at Munich,) which I ſhall take pains to 
make as perfect as poſſible ; and ſhould it be found 
to anſwer as well as I have reaſon to hope it will, 
[ ſhall not fail to give a particular account of it to 
the Public, accompanied with drawings, and all the 
details that ſhall be neceſſary in order to give the 
' moſt ſatis factory account of the reſult of the Expe- 

riment. 

Theſe inveſtigations will be the more intereſting, 
and the reſults more generally uſeful, as the diſ- 
covery of a mine of pit- coal in the neighbourhood 
of Munich, which is now worked with ſucceſs, 
has put it in my power to uſe coal as Fuel, as well 
as wood and turf, in the Experiments I ſhall make 
in burning lime in this Kiln. 

985 For 
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For the information of thoſe who may be dil. 
poſed to engage in theſe purſuits, I have publiſhed 
the annexed ſketch of the Lime kiln in queſtion, 
which is now actually building. (See Plate VI.) 

I thought it right to do this, that we might ſtar 
fair; and I can aſſure my competitors in this race, 
that I ſhall 25 no i- win on ſeeing them ox before 
me. 

If I do not n myſelf, the laudable exertions 
of others afford me almoſt as much pleaſure as 
my own purſuits ; —at leaſt I am quite certain that 
when I can flatter myſelf that I have had any,— 
even the ſmalleſt ſhare, —in exciting thoſe .exertions, 
the ſatisfaction I feel in N them is 
128 N 


1G. 1. A view of a double cover for a boiler or 
ſaucepan. In this deſign the rim is ſeen which 
enters the boiler, and the tube by which the ſteam 
goes off is ſeen in part (above), — and is in part in- 
dicated by dotted lines. (See page 1 8. ) 15 


Fig. 2 ſhows this cover placed on its boiler. 
Part of the ſide of the cover is repreſented as want- 


ing, in order that the ſteam tube might be better 


ſeen. The height of this cover is repreſented as 
being equal to one- half its diameter; but I have 
found one-third, or even one-quarter of i its diameter 
to be quite ſufficient for its height. 


Fig. 3 and Fig. 4 are views of my circular 
diſhing-grates for cloſed kitchen fire-places. They 
may be made of any ſize, from 5 inches to 18 
inches in diameter, according to the ſize of the 
boiler. The rules I have in general followed, in 
determining the ſize proper for the grate for any 
(circular) boiler, has been to make. its diameter 
equal to half the diameter of the boiler at the brim. 


(See page 41 RE 
Fig. 5 is an inverted 151 cone of thin ſheet- 


iron, which is placed immediately under the grate, 
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fixed in its frame, in which the manner of its be · 
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its brim being made to receive the circular rim of 
the grate. When the fire-place 1s large, this in. 
verted cone may be made of fire: ſtone, or it may be 
conſtructed of bricks and mortar. For ſmall fire 
places it may be made of earthen ware, which i 
perhaps the very beſt material for it that can be 
found. (See page 43.) 

Fig. 6, Fig. 7, and Fig. 8, are views and ſections 
. ve 2 perforated tile, with its ſtopper, ſuch as are 
uſed for cloſing the entrance by which the Fuel is 
introduced into cloſed kitchen fire-places. The 
diameter of the circular opening, or hole in the 


tile, may be from 6 to 7 inches. (See page 30.) 


PLATE II. 


The various Figures, from No. 9 to No. 16 of 
this Plate, ſhow the conſtruction of an aſh-pit door, 
with i its regiſter. (See page 31.) 


Fig. 9 is a front view ef the door with its re- 
giſter— The whole is conſtructed of ſheet-iron, 
except the four narrow pieces at the four corners, 
which hold down in its place the circular plate of 
the regiſter; and the ſmall circular plate (as large 
as an half. crown) in the centre of the regiſter, 
which are made of braſs, on account of that metal 
not being ſo liable to ruſt, as iron. | 


ig. 10 is a fide view of the backſide of the door, 


ing ſhut in its frame is ſeen, - and the iron ſtraps 
a b 


— 
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| ; 3 cd are ſeen, by which TAE Frome is faſtened in 
the brick- work. 


Fig. 11 is an horieontsl ſection 4Hirouph the 
middle of the door and its frame, and through the 
button which ſerves for ſhutting the door. 1 5 


"ys." 12 is 2. ſection of this button, on an en- 
larged ſcale, ſhowing the manner in which it is 


conſtrua. ” AE 5 


Fig. 1318 Wale * en which forms the 
front. of the door, with the holes in it, by which the 


other parts of;/the machinery are fixed to it. 


Fig. 14 is the circular plate which forms the re- 
Fes ger this plate is fixed a projecting knob, or 


| button, — in x the W. by which it is 
turned about. | 


Tig. 15 and Fig. 16 1 on an POE ſcale, 
one of the four pieces of braſs by which the circular 
plate of the regiſter i 18 kept down i in its place. 


In conſtruging chal: regiſter doors, and 10 ge- | 


neral all iron doors for fire-places, great and ſmall, 
the door ſhould never ſhut in a rabbet, or groove, 
in the frame, but ſhould. merely but down on the 
front edge of the frame, which edge, by grinding it 
on the flat ſurface of a large flat ſtone, ſhould be 
made quite level to receive it. If this be done, 
and if the plate of iron which conſtitutes the door 
be made quite flat, and if it be properly fixed on its 
hinges, the door will always ſhut with facility and 
cloſe the opening with preciſion, notwithſtanding 

ye the 
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duke effects of the expanſion of the metal by "TY 
but this cannot be the caſe when the doors of fire- 
5 are fitted in grooves and tabbets. 
Where the heat is very intenſe; the frame of the 
09 ſnould be made of fire-ſtone; and that part of 
the door which is expoſed naked to the fire Mul 
be covered, either with a fit piece of fire-ſtone, faſt, 
ened to it with clamps. of iron, or a ſufficient num. 
ber of ſtrong nails, with long necks and flat heads, 
or of ſtaples, being driven into that fide of the plate 
of iron which, forms the door which is expoſed, 
that ſide of it ſhould: be covered with a body about 
two inches thick of ſtrong clay mixed with a due 
portion of coarſe powder of broken crucibles, which 
maſs will be held in its place by the heads of the 
nails, and by the projecting ſtaples,' This maſs 
being put on wet, and gently dried, the cracks 
being carefully filled up as they appear, and the 
whole well beaten together into a ſolid maſs, will, 
when properly burned on by the heat of the fire, 
form a covering for the door which will effeQually 
defend it from all injury from the fire; and the 
door ſo defended will laſt ten times longer * it 
would laſt without this defence. 
The inſide doors of the two Brew-hooſe Fire 
abe which I have fitted up at Munich are both 
defended from the heat in this manner; and the 
contrivance, which has anſwered perfectly all that 
was- expected from it, has not been found to be at- 
e with any inconvenience Whatever. 
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PLATE m. 


"Mig 17 is a front view. of the new boiler of the 
diew-houſe called Neuhey/al, or rather of its fire- 
place and cover (the boiler being concealed in the 
brick-work). The inſide door of the fire-place is 
here repreſented-ſhut ; and, in-order that it might 
appear, the outſide door is taken off its hinges, and 


js not ſhown. The two vaulted galleries A B in 


the ſolid maſs of the brick-work, on the right and 
left of the fire-place, (which were made to ſave 
bricks,) ferve for holding fire wood. The partition 
walls of the fire-place and the different flues, as 

allo a ſection of the boiler, are repreſented by dot- 


ted lines. The ſmall circular hole on the left of 


the fire: place door is the window opening into the 
ierten by which the burning Fuel may be ſeen. 

2 b is the wooden curb of the boiler: c d a 
platform on which the men ſtand when they work 


in emptying the boiler, &c.: e is a platform 


which ſerves as a paſſage from one ſide of the 
boiler to the other. This platform, which is about 


18 inches wide, is 12 inches higher than the other 
platforms, in order that the openings g and h, into 


the flues, may remain free. Theſe openings, which 
are opened only occaſionally, that is to ſay, when 
the flues want cleaning, are kept cloſed by double 
brick-walls., : Theſe walls are exproſiec.1 in the fol- 


ig. 18. This is a ede ſeQion of the fire- 


Place at a | level with the bot tom of the boiler. 
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| 220 a are four openings by which the flues, 
which, in the firſt arrangement of this fre- place, 
went round the oùtſide of the boiler, was: oth, | 
fionally cleaned: b is the canal "y —_ the n 
went off into the chimney. 

The entrance into the Grdqilars, are the cohica 
vixhoration i in the wall of the: fire-place which ſerves 
as a window for obſerving; the fire, are marked by 
dotted lines. The poſition of the infide door of 
the fire-place is marked by a; dotted line, c d 
The circular diſhing-grate is ſeen in its place; and 
the walls of the flues under the boiler are all ſeen, 
The crooked arrows in the flues ſer the direction 


of the flame. Town page no 


5 PLATE IV. 


Ng. 19 is a 1 ſection of the. boiler. repre. 
ſented i in the foregoing Plate (Fig. 17.). , This ſec- 
tion is taken through the middle of the boiler, —df 
the fire-place ;—and of the cover of the boiler, Ais 


the aſh-pit, with a ſection of its regiſter door. B is = 


the fire-place, and its circular .diſhing-grate. Cis 
the entrance by which the Fuel is-introduced, with 
ſections of its two doors. D is a ſpace left void to 
ſave bricks. E is the boiler, and F its wooden 
cover. m is the ſteam chimney, which is furniſhed 
with a damper. R R is the vertical wall cf the 
Houſe againſt which the brickwork. in which the 
dene is fixed is placed. 


& ò is che curb of Ba in which the Ser 1s 
5 Th 
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The manner in which the coyer of the boiler i is 
conſtructed, as well as its form, and the door and 
windows which belong to it, are all ſeen diſtinctiy 
in this Figure. 


Fig. 20 is an b ſection of this Fan 
taken on a level with the bottom of the flue which 
goes round the outſide of the boiler ; in which flue, 

before the fire-place was altered, the flame circu- 
lated. The flues under the boiler are, in this 
Figure, indicated * dotted lines. 


> 


| PLATE V. 
Fig. 21 is an horizontal ſection of the fire- place 
of the brewhouſe boiler, at a level with the top 
of the flues under the boiler, after the flue round the 
outfide of the boiler had been ſtopped up, or rather the 
flame prevented from circulating in it. This Fi- 
gure ſhows the actual ſtate of the fire-place at the 
preſent time. (See page 126.) | 


The crooked arrows ſhow the direction 7 the 
fame in the flues—a þ are the two canals (each 
of which is furniſhed with a damper) by which the 
ſmoke goes off into the chimney ;—and .c c c £ 
C c are ſix ſmall. openings communicating with 
| the flues, by which the flame and hot vapour can 
paſs up into the cavity on the outſide of the boiler 
which formerly ſerved as a flue. 


Fig. 22 is a front view of the aſh-pit door of 
this brewhouſe fire-place, with its regiſter. This 
door is cloſed by means of a latch of a particular 
conſtruction, which is ſhown 1 in the Fi igure. 
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| 194 | Defeription of the Plates. 
Fig. 23 is the door withbut its regiſter — and 


Fig. 24 the circular Fon of the cared repre. 
ſented alone. 


This aſh-pit door ſhuts againſt the 1 edge of 
its frame, and not into it; the reaſons for pre. 
ferring this method of fitting the door to its frame 


have already been e (See deſcriptions of 
the Plate II. J | | 


PLATE VI. 


Fig. 25 is a ſection of a ſmall lime kiln, built, 
or rather now building, at Munich, for the purpoſe 
of making experiments. The height of the kiln is 
15 feet ;—its internal diameter below, 2 feet, —and 
above, 9 inches. In order more effectually to con. 
fine the heat, its walls, which are of bricks and very 
thin, are double, and the cavity between them 
is filled with dry wood aſhes. To give greater 
ſtrength to the fabrick, theſe two walls are con- 
nected in different places by horizontal layers of | 
bricks which unite them firmly. 


@ is the opening by which the fuel is put into 
the fire-place. Through this opening the air de- 
ſcends which feeds the fire. The fire-place is re. 
preſented nearly full of coals, and the flame paſling 
off laterally into the cavity of the kiln, by an open- 
ing made for that purpoſe at the bottom of the firc- | 
| place. 
The opening above, by which the fuel is intro- 


duced into the fire-place, i is covered by a plate of 
5 iron 3 


* 


Dh hun, 12 the Plates: 195 


iron, moveable on hinges; which plate, by being 
lifted up more or lefs by means of a chain, ſerves 
as a regiſter for regulating the fire. 


A ſection of this plate, and of the chain by which 


it is fupported, are ſhawn in the Figure. 

bis an opening in the front wall of the fire. place, 
which ſerves occaſionally for cleaning out the fire- 
| place, as alſo for cleaning out the opening by which 
the flame paſſes from the fire-place into the kiln. This 
opening, which muſt never be quite cloſed, ſetves 
likewiſe for admitting a ſmall quantity of air to paſs 
horizontally into the fire-place. A ſmall proportion 


of air admitted in this manner has been found to be 


_ uſeful, and even neceſſary, in fire-places in which, 
in order to conſume the ſmoke, the flame is made 
to deſcend. Several ſmall holes for this purpoſe, 
fitted with conical ſtoppers, may be made in dif- 
ferent parts of the front wall of the fire-place. 

The bottom of the fire-place is a grate, con- 


ſtructed of bricks placed edgewiſe, and under this 


grate there is an aſh-pit; but as no air muſt be 
permitted to paſs up through this grate into the fire- 
place the aſh-pit door, c is kept conſtantly cloſed 
being only opened occaſionally to remove the aſhes. 

d is the opening by which the lime is taken out 
of the kiln ; which opening muſt be kept well 
cloſed, in order to prevent a * of cold air 
through the kiln. 

As only as much lime Me be removed at once 
as is contained in that part of the kiln which lies 
below the level of the bottom of the ſire- place, to 

be 
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be able to aſcertain when the proper quantity i i 
taken away, the lime, as it cqmes,out of the kiln, 
may be directed into a pit ſunk in the ground 1 
front of the opening by which the lime is removed, 
this pit being * of proper Digg! to- Herne 28 a 
meaſure.. - 
While the lime is removing Gow. the b bottom of 
the kiln, "freſh lime- ſtone ſhould - be put into it 
above; and, during this operation, the fire may be 
damped by cloſing the top of the fire-place with its 
iron- plate. 5 

Should it be found neceſſary, the fie; and the 
diſtribution of the heat, may, in burning the lime, 
be farther regulated by cloſing more or leſs the 
opening at the top of the lime-kiln with a flat * 
of fireſtone, or a plate of call i iron. 
Ihe double walls of the Kiln, and the void ſpace 
between them, as alſo the N layers of 
bricks by which they are united, are clearly and 
diſtinctly expreſſed in the Figure. The kiln is re- 
preſented as being nearly filled with ſmall round 
ſtones, ſuch as are uſed at Munich: in burning lime. 
Theſe ſtones are brought down from the calcareous 
mountains on our frontiers, by the river (the Iſar), 
and are rounded by rubbing againſt each other as 
they are rolled along nl the 3 of the 
tor nt. 
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PART. L 


Of a remarkable Law which has hed found 
to obtain, in the Condenſation of Wa TER 
with CoLD, when it is near the Temperature 
at which it freezes; and of the wonderful 


Effects which are produced by the Operation 
of that Law, in the Economy of Nature: 


Together with Conjectures reſpecting the 
FINAL Cavss of the DSALTNESS OF THE 


CH AP. IL. 


DANGER of admitting received Opinions in Philo- 
ſaphical Inveſtigations, without Examination.— 
The free Paſſage of HEAT, in all Badies, in all 
Directions, never yet called in quęſtion.— Heat does 
not, Hot ver, paſs in this Manner, in all Bodies 
without Exception. — Alx and WATER, and pro- 


bably all other FLu1ps, are, in fact, NoN-CON- 


DUCcTORS of HEAT.—Atcidental Diſcoveries, 
which.led to an experimental Inveſtigation of this 
VOL. II. b curious 
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N T ENT S 
curious Subject. Te internal Motions among the 
"Particles of Fluids rendered viſible. — The Propa- 
gation of Heat in Fluids obſerufted and retarded, by 
every thing which obſtructs the internal Motions of 
their Particles ; —hence there is Reaſon to conclude, 

that Heat is propagated in them, only in conſequence 
of thoſe Motions ;—that it is tranſported by them,— 
nat ſuffered to paſs through them. —Furs and Fra- 
"THERS, and all other like Subſtances, which, in Air, 
form warm Covering for confining Heat, found, by 
"Experiment, to produce the ſame Effects in Mater.— 

Theſe Efects are probably produced in both Fluids 

min the ſame Manner, namely, by obſtructing the | 

Mot ions of their Particles, in the Operation of 

erke the Heat. — The conducting Power of 
Mater remarkably impaired by mixing with it uch 
Subſtances. as render it viſcous, and diminiſb its 
Pluidity,— Theſe Diſcoveries reſpetting the Manner 
in 70h Heat is propagated in Mater, throw much 
Light on ſeveral of the mot intereſting Operations 
in the Economy of Nature. — They enable us to ac. 
count, in a ſatisfactory Manner, for the Prefer- 
vation of Trees and other Vegetables, and of Fruits, 
during the Winter in cold Climates. Page 199 


"CHAP. . 


" Parther — gations of the internal M ations among 
the Particles of Liquids, which neceſſarily take 
place when they. are heated or cooled. Deſcription 
of a mechanical Contrivance, by which theſe Mo- 
tions in Water were rendered viſible. — An Account 
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3 DOWNWARDS in Lip, as * as 35 
continue to be condenſed by Cold. l found, by 
Experiment, to melt more than eighty Times flower, 
when boiling-hot Water ſtood on its Surface, than 
when the Ice was ſuffered to ſwim on the Surface 
of the hot Water.—The melting of Ice by Water 
Aanding. on its Surface can be accounted for, even. 
on the Suppofition that Water is a perfect Not 
conductor of Heat. — According to the afſumed Hy. 
potheſis, Water only eight Degrees of Fahrenheif's” 
Scale above the freezing Point, or at the Temfpte 
rature of 40*, ought to melt as much Ice, in any 
given Time, when ſtanding on its Surface, as an 
equal Volume of that Fluid, at any higher Tempe- 
rature, even were it boiling-hot. —T his remarkable 
Fadt is proved by a great Variety of deciſive Ex- 
periments. — Water at the Temperature of 41 i 
found to melt even MORE Ice, when ſtanding on its 
Surface, than boiling-hot Water, —The Reſults of 
all theſe Experiments tend to prove that Water is, 
in fact, a perfect Non-conduttor of Heat,; or that 
Heat is propagated in it, merely in conſequence of 
the Motions it occaſions among the inſulated or ſo- 
litary Particles of that Fluid, which, among them- 
ſelves, have no Communication or Intercourſe 
whatever in this Operation, The Diſcovery of 
this Fad opens to our View one of the grande/t 
and nigſti intereſting Scenes in the Economy of 
Nature. — - -_- Page-a32 
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„ CHAP. m. 


| Recapitlaio and farther Inve/ti oe on f the Sub. 
Bodies are condenſed by Cold without 
_ Limitation, WATER ONLY EXCEPTED. yon. 
. dlierful Mects produced in the World in conſequence 
of the particular Law which obtains in the Con. 
— denfation of Water. —T his Exception to one of the 
dae general Laws of Nature, a ſtriking Proof of 
= Cantrivance in the Arrangement of the Univerſe ; 
Prof which comes home to the Feelings of every 
ingenuous and grateful Mind. This particular 
Lato daes not obtain in the Condenſation of Sallr. 
WarzR.— Final Canſe of the Saltneſs of the Sea. 
The Ocean probably deſigned by the Creator ts 
. ferve as an Equalizer of Heat—Could not have 
anſwered that Purpoſe had its Waters been freſh.— 
Final Cauſe of the Freſhneſs of Lakes and inland 
Seas in high Latitudes.—Uſefulneys of theſe Spe- 
culations. e — Page 281 
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Of a remarkable Law which has been f 


to obtain, in the Condenſation of WATER 

with COLD, when it is near the Temperature 

at which it freezes; and of the wonderful 
Effects which are produced by the Operation 
of that LA w, in the Economy of Nature. 

Together with Conjectures reſpecting the 
FINAL CAUSE of the SALTNESS OF THE 
Sxa. 


C-H AFT. 

Danger of admitting received Opinions in Philoſophical 
Inveſtigations, without Examination.—T he free 
Paſſage of Hear, in all Bodies, in all Directiont, 
never yet called in queſtion. — Heat does not, hows- 
ever, paſs in this Manner, in all Bodies without 
Exception.—AIlR and WATER, and probably all 
other FLU1Ds, are, in fact, NON-CONDUCTORS 
or HEaT.—Accidental Diſcoveries, which led to 
an experimental Invgſtigation of this curious Subject. 

—T he internal Motions among the Particles of 
Fluids rendered viſible. —The Propagation of Heat 
in Fluids obſtrudted and retarded, by every thing 
ws obtrutts the internal Motions-of their Par- 

25 P 2 1 2 i 
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"ite Hence there is Reaſon to contigs, that Heat 
T1 28 propagated in them, only in conſequence of thuj: 
| 1 8 3 ;—that it is tranſported by them, — not ſuf- 
—_ Þ | Fred to paſs through them. Fu xs and FRATHERS, 
ghd all other like Subſtances, which, in Air, form 
arm Covering for confining Heat, found, by Ex. 
vg Periment, to produce the ſame Effects in Water,— 
Theſe Effects are probably produced in both Fluid; 
in the ſame Manner, namely, by obſtrufting the 
mr Motions of their Particles, in the Operation of 
ZI} tranſporting the Heat. — The conducting Power if 
7” Water, remarkably impaired by mixing with it ſuc) 
Subſtances as render it viſcous, and diminiſh its 
Hluidity.— Theſe Diſcoveries reſpecting the Manner 
in which Heat is propagated in Water, throw much 
Light on ſeveral of the moſt intereſting Operations 
in the Economy of Nature. —T hey enable us to ac- 
count, in a ſatigſactory Manner, for the Preſerva- 
tion of Trees and other Vegetables, and of Fruits, 
during the Winter, in cold Climate. 


1 T is certain, that there is nothing more danger. 
ous, in philoſophical inveſtigations, than to take 
any thing for granted, however unqueſtionable it 
map appear, till it has been proved by direct i 
deciſive experiment. 
I have very often, in the courſe of my ohiloſs 
phical reſearches, had occaſion to lament the con- 
ſequences of my inattention to this moſt neceflary 
precaution. | 
There is not, perhaps, any phenomenon that 


more frequently falls under-our obſervation, * 


the Propagation of Heat. The chang ofthe» 

temperature of ſenſible bodies—of folids—liquids— -- 
and elaſtic fluids, are going on perpetually-under 
our eyes; and there is no fact which one would _ 

not as ſoon think of calling in queſtion, - 1 Sn 
doubt of the free paſſage of Hear, in all directions, 
through all kinds of bodies. But, however obw=" 
ouſly this concluſion appears to flow, from all that” 


we obſerve and experience in the common courſe 
of life, yet it is certainly not true;—and to the 
erroneous opinion reſpecting this matter, which has 
been univerſally entertained—by- the learned, and 
by the unlearned—and which has, I believe, never 
even been called in queſtion, may be attributed the 
little progreſs that has been made in the inveſtigation 
of the ſcience of Heat:—a ſcience, aſſuredly, of 
the utmoſt importance to mankind ! 

Under the influence of this opinion, I, many 
years ago, began my experiments on Heat; and 


vith irreſiſtible force, and fixed it on the ſubject, 
| probably never ſhould have entertained a doubt 
of the free paſſage of Heat ?hrough air; and even 
atter I had found reaſon to conclude, from the 
reſults of experiments which to me appeared to be 
perfectly deciſive, that air is a non- conductor of 
Heat; or that Heat cannot paſs through it, with- 
out being tranſported by its particles; which, in 
this proceſs, act individually, or independently of 
each other; yet, ſo far from purſuing the ſubject, 


and contriving experiments to aſcertain the manner 


in which Heat is communicated in other bodies, 
W 3 N J was 


had not an accidental diſcovery drawn my attention 
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* was not Wfafficiently awakened to ſuſpect it to be 
.evenpoſſible, that this quality could extend Ow 


than to elaſtic Fluids. 
Mich regard to liquids, ſo entirely perſuaded was 


; L hat Heat could paſs freely, in them, in all direc. 


"Hons, that I was perfectly blinded by this prepoſ- 


Heffion, and rendered incapable of ſeeing the moſt 
| ſtriking and moſt evident ey of the fallacy of. 
this opinion. 

I have already given an account, in one of my 
late publications—(Efſay VI. on the Management 
of Fire, and the Economy of Fuel)—of the man- 
ner in which I was led to diſcover, that eam and 
flame are non. conductors of Heat: — I ſhall now lay 
before the Public an account of a number of expe- 
riments I have lately made, which ſeem to ſhow 
that water, — and probably all other liquids,—and - 
Fluids of every kind, poſleſs the ſame property. 
That is to ſay, that although the particles of any 
Fluid, individually, can receive Heat from other 
bodies, or communicate it to them; yet among 
theſe particles themſelves, all interchange and con- 
munication of Heat is abſolutely impoſlible. 

It may, perhaps, be thought not altogether un- 
intereſting, to be acquainted with the various ſteps 
by which I was led to an experimental inveſtigation 
of this curious ſubject of enquiry. 

When dining, I had often obſerved that ſome 
particular diſhes retained their Heat much longer 
than others; and that apple-pies, and apples and 
almonds mixed,—(a diſh in great repute in Eng- 
land remained hot a ſurpriſing length of K. 

Muc 


Much ſtruck with this extraordinary quality of. 
retaining Heat, which apples appeared to poſlels, it 


frequently occurred to my recollection; and I ne r 


burnt my mouth with them, or ſaw others meet wWitk 


the ſame misfortune, without endeavouring, but in 
vain, to find out ſome way of accounting, in a ſatiſ- 


factory manner, for this ſurpriſing phænomenon. 
About four years ago, a ſimilar accident 


awakened my attention, and excited my curioſity - 


ſtill more: being engaged in an experiment which T 
could not leave, in a room heated by an iron ſtove, 
my dinner, which conſiſted of a bowl of thick rice- 
ſoup, was brought into the room; and as I hap- 
pened to be too much engaged at the time to eat 
it, in order that it might not grow cold, I ordered 
it to be ſet down on the top of the ſtove : about an 
hour afterwards, as near as I can remember, begin- 
ning to grow hungry, and ſeeing my dinner ſtand- 
ing on the ſtove, I went up to it, and took a ſpoon- 
full of the ſoup, which I found almoſt cold, and 


quite thick. Going, by accident, deeper with the 


ſpoon the ſecond time, this ſecond ſpoon-full burnt 
my mouth“. This accident recalled very forcibly 
to my mind the recollection of the hot apples and 
almonds, with which I had ſo often burned my 
mouth, a dozen years before, in England; but 
even this, though it ſurpriſed me-very much, was 


not ſufficient to open my eyes, and to remove my 


prejudices reſpecting the conducting power of water. 


* Tt is probable that the ſtove happened to be nearly cold when 
the bowl was ſet down upon it, and that the ſoup had grown almoſt 
cold; when a freſh quantity of fuel being put into the ſtove, the 


Heat had been ſuddenly increaſed. n 
P 4 | Being 
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1 d © 1 O the Propagation of Heat 
. Being at NarLEs, in the beginning of the year 
2794, among the many natural curioſities which 


attracted my attention, I was much ſtruck with 
| ſeveral very intereſting phænomena which the hot 


X 1 - baths of Bara preſented to my obſervation; and 
"among them there was one, which quite aſtoniſhed 
e; ſtanding on the ſea-ſhore, near the baths, 


here the hot ſteam was iſſuing out of every crevice 
of the rocks, and even riſing up out of the ground, 
I had the curioſity to put my hand into the water, 
As the waves which came in from the ſea followed 
each other without intermiſſion, and broke over the 
even ſurface of the beach, I was not ſurpriſed to find 
the water cold; —but I was more than ſurpriſed, 
when, on running the ends of my fingers through 
the cold water into the ſand, I found the heat ſo in- 
tolerable, that I was obliged inſtantly to remove my 
hand. The ſand was perfectly wet; and yet, the 
temperature was ſo very different at the ſmall diſ- 
tance of two or three inches! I could not reconcile 
this with the ſuppoſed great conducting power of 
water.—I even found that the top of the ſand was, 
to all appearance, quite as cold as the water which 
flowed over it; and this increaſed my aſtoniſhment 
ſtill more. I then, for the firſt time, began to doubt 
of the conducting power of water, and reſolved to 
ſet about making experiments to aſcertain the fact; 
I did not however put this reſolution into execution 
till about a month ago; and ſhould perhaps never 
have done it, had not another unexpected appear- 


ance again called my attention to it, and excited 
afreſh all my curioſity. 


15 
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In the courſe of a ſet of experiments on che 
communication of Heat, in which I had occaſion. == 
to uſe thermometers of an uncommon ſize, - theitmn : 
globular bulbs being above four inches in diameter,), 
—filled with various kinds of liquids, having ex- 
poſed one of them, which was filled with ſpirits of 
wine, in as great a heat as it was capable of 
ſupporting, I placed it in a window, where the 
ſun happened to be ſhining, to cool; when, caſt- 
ing my eye on its tube, which was quite naked,— 
(the diviſions of its ſcale being marked in the glaſs | 
with a diamond,)—1 obſerved an appearance which 
ſurpriſed me, and at the ſame time intereſted me 
very much indeed. I ſaw the whole maſs of the 
liquid in the tube in a moſt rapid motion, running 
ſwiftly in two oppoſite directions, vp, and down, at 
the ſame time. The bulb of the thermometer, 
which is of copper, had been made two years 
before I found leiſure to begin my experiments; 
and having been left unfilled, without being cloſed 
with a ſtopple, ſome fine particles of duſt had found 
their way into it, and theſe particles, which were in- 
timately mixed with the ſpirits of wine, on their be- 
ing illuminated by the ſun's beams, became perfectly 
viſible,—(as the duſt in the air of a darkened room 
is illuminated and rendered viſible by the ſun· beams 
which come in through a hole in the window. ſhut- 
ter,) —and by their motion diſcovered the violent 
motions by which the ſpirits of wine in the tube of 
the thermometer was agitated. 

This tube, which is Ts of an inch in diameter 
internally, and very thin, is compoſed of very 

tranſparent, 
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| tranſparent, colourleſs glaſs, which rendered the 
appearance clear and diſtinct, and exceedingly 
beautiful. On examining the motion of the ſpirits 


of wine with a lens, I found that the aſcending 


current occupied the axis of the tube, and that it 
deſcended by the /ides of the tube. 

On inclining the tube a little, the Ting current 
moved out of the axis, and occupied that ſide of 

the tube which was uppermoſt, while the deſcending 


current occupied the whole of the lower ſide of it. 


When the cooling of the ſpirits of wine in the 
tube was haſtened by wetting the tube with ice. 
cold water, the velocities of both the aſcending and 
the deſcending currents were ſenſibly accelerated. 

The velocity of theſe currents was gradually 
leſſened, as the thermometer was cooled; and when 
it had acquired nearly the temperature of the air of 
the room, the motion ceaſed entirely. 

By wrapping up the bulb of the thermometer in 
furs, or any other warm covering, the motion 
might be greatly prolonged. 

I repeated the experiment with a ſimilar thermo- 
meter of equal dimenſions, filled with linſeed- oil, 
and the appearances, on ſetting it in the window to 

cool, were juſt the ſame. The directions of the 
currents, and the parts they occupied in the tube, 
were the ſame; and their motions were to all ap- 
pearance quite as rapid as thoſe in the thermometer 
which was filled with ſpirits of wine. 
Having now no longer any doubt with reſpect to 
the cauſe of theſe appearances, being perſuaded 


chat the motion in theſe * was occaſioned by 
their 


in Fluid. e. 


their particles going individually, and in ſucceſſong © 
to give off their Heat to the cold ſides of the tube, 
in the ſame manner as I have ſhown in another 
place, that the particles of air give off heir Heat to; 
other bodies, I was led to conclude that theſe, and 
probably all other liquids, are in fact non-condudtors 
of Heat; and I went to work immediately to con- 
tive experiments to put the matter out of all doubt. 
On conſidering the ſubject attentively, it appear- 
ed to me, that if liquids were in fact non-condudors 
of Heat, or if it be propagated in them only in con- 
ſequence of the internal motions of their particles; 
in that caſe, every thing which tends to obſtruct 
thoſe motions, ought certainly to retard the opera- 
tion, and render the propagation of the Heat ſlower, 
and more difficult. I had found that this is actually 
the caſe in reſpect to air; and though (under the 
influence of a ſtrong and deep-rooted prejudice) I 
had, from the reſult of one imperfect experiment, 
too haſtily concluded, that it did not take place in 
regard to water; yet I now found ſtrong reaſons to 
call in queſtion the reſult of that experiment, and 
to give the ſubject a careful and — inveſti- 
gation. 
Thinking that the beſt mode of proceeding, in 
this enquiry, would be to adopt a method ſimilar 
to that I had purſued in my experiments on the 
conducting power of Air, I prepared an apparatus 
ſuitable to that purpoſe. The firſt object I had in 
view being to diſcover whether the propagation of 
Heat through water was obſtructed, or not, by 


rendering the internal motion among the particles 
1 0 


e 38 — 


. $ | 4.43 
l 5 5 n 4 

* * N * + 4: > 9 % 

r ER Y | 
f - * * SR.” 4 
N 1 * A 1 Fa Tz 4 
Vs * * _ » c * * 
x LR, \ * 
g 
— ; n 
D e TI — Lo 8 9230 a 
TIL — FS, 2h 5 EEE wi 6 ER 0 \ _ e = __ . . % e a 
5 1 e eee 2 3 * eK 
3 o 


f 
” 
N 
. 
= 
* 
IB 
3 
by: 
*7 
* 
WS * 
(4 
a 1 
114 
99 
J 
14 


N PL IN 


E 


FI BEI, Wk AI, ai 464 
* * 2 
rr ee A gn peer ay * — * e * 
Ern —- — — < 
eos een, oo bo : 
9 — — 


we. 


n 


r 


e 
* . 


* = 
;xF 
. 
*2 
: 
3 
14 
*% 
if 
7 
. 
PS. | 
o 
A 
14 
* 
11 
31 
£ 
* 
4 
'Y 
. 
# 
= 
' F 
1 F441 
1 3B 
{8 
F 


8 ———— ͤ—— dl — ö 
„ ” oe ee — at a r — — —— — nome 
= 


208 p 07 the Propagation of Heat 


5 of the water, occaſioned by their change of tem. 
| perature, embarraſſed and difficult, I contrived to 


make a certain quantity of Heat paſs through. a 


—certain quantity of pure water, confined in a cer. 


tain Tpace ; and noting the time employed in this 


operation, I repeated the experiment again, with 
the ſame apparatus, with this difference only, that 
in this ſecond trial, the water through which the 


Heat was made to paſs, inſtead of being pure, was 
mixed with a ſmall quantity of ſome fine ſubſtance, 
(ſuch as eider-down, for inſtance,)—which, without 


altering any of its chemical properties, or impair- 


ing its fluidity, ſerved merely to obſtruct and em- 
barraſs the motions of the particles of the water 
in tranſporting the Heat, in caſe Heat ſhould be 
actually tranſported or carried in this manner, and 
not ſuffered to paſs freely through liquids. 

The body which received the Heat, and which 
ſerved, at the ſame time, to meaſure the quantity 
of it communicated, was a very large cylindrical 
thermometer. (See Plate I.) The bulb of this ther- 
mometer, which is conſtructed of thin ſheet-cop- 
per, is cylindrical, its two ends being hemiſpheres. 


Its dimenſions are as follows: 


or | Diameter . - - 1.84 inches. 


the bulb of the 3 - . 
thermometer. Il Pacity or contents 13.2099 CUDIC 


External ſuperficies 28.834 ſuperficial inches. 
The thickneſs of the ſheet-copper of which it is 


conſtructed, 1s 0.03 of an inch. It weighs, empty, 


1846 grains; —and is capable of containing 3344 


grains of water, at the temperature of 55% This 


14 | . copper 


in Fluids. | 20 9 
on bulb has a glaſs tube, 24 1 long, and 


+ of an inch in diameter; which 1s fitted by means 
4 a good cork, into a cylindrical tube or neck of 
copper, one inch long, and 5% of an inch in di- 
ameter, belonging to the metallic bulb. 

This thermometer, being filled with linſeed-oil, 
and its ſcale graduated, was fixed in the axis of a 
hollow cylinder, conſtructed of thin ſheet-copper, 
112 inches long; and 2.3435 inches in diameter 
internally. This cylinder, which is open at one 
end, is cloſed at the other with a hemiſpherical 
bottom, with its convex ſurface outwards. The 
cylinder weighs 2261 grains, and the ſheet-braſs, 
of which it is conſtructed, is 0.0128 of an inch 

in thickneſs. 

The bulb of the thermometer was placed in * 
lower part of this braſs cylindrical tube, and was 
confined in the middle, or axis of it, by means of 
three pins of wood, about 2 of an inch in diame- 
ter, and + of an inch ng which pins are fixed 
in tubes of thin ſheet-braſs - of an inch in diame- 
ter, and 2 of an inch in length. Theſe ſhort tubes, 
which are placed at proper diſtances on the inſide 
of the large braſs tube, at its lower end, and 
firmly attached to it by ſolder, ſerve as ſockets 
into which the ends of the wooden pins are fixed, 
which, pointing inwards, or towards the axis of 
the large cylindrical tube, ſerve to confine the 
lower end of the bulb of the thermometer in its 
proper place. Its upper end is kept in its place; 
or the axis of the thermometer is made to coincide 
with the axis of the braſs cylinder, by cauſing the 
tube of the thermometer to paſs through a hole in 
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= 2: nddle of a cork ſtopper which os che; 


of the cylinder. 


The bottom of the bulb of the pe does 


not repoſe on the hemiſpherical bottom of the braſ 


cylinder, but is ſupported at the diſtance of + of an 


inch above it, on the end of a wooden pin, like thoſe 


juſt deſcribed; which pin is fixed in a ſocket in 
the middle of the bottom of the cylindrical tube, 


and projets upwards. The ends of all theſe 
wooden pins which project beyond the ſockets in 


which they are fixed, are reduced to a blunt point: 
This was done to reduce as much as poſhble the 
points of contact between the ends of theſe pins 
and the bulb of the thermometer. 

The thermometer being in its place, there is on 
every ſide a void ſpace left between the bulb of the 
thermometer and the internal ſurface of the brats 


cylinder in which it is confined; the diſtance be. 


tween the external ſurface of the bulb of the ther. 
mometer and the internal ſurface of the containing 
cylinder being 0.25175 of an inch. This ſpace is 
deſigned to contain the water and other ſubſtance 
through which the Heat is made to paſs into, or out 
ef, the bulb of the thermometer; and the quantity 
of Heat which has paſſed is ſhewn by the height of 
the fluid in the tube of the thermometer. The 
quantity of water required to fill this ſpace and to 


cover the upper end of the bulb of the thermo- 


meter to the height of about + of an inch was 


found to weigh 2468 grains. As the thermo- 


meter was plunged into this water it was of courſe 


in contact with it by its whole ſurface, which, as 


we have ſeen, is equal to 28,834 _ _ 
e 


in Fluids. 211 


The bulb of the thermometer being ſurrounded 
by water, or by any other liquid, or mixture, the 
conducting power of which was to be aſcertained, 


a cylinder of cork ſomething leſs in diameter chas "of 


the braſs cylinder, — about half an inch long, with 
1 hole in its centre, in which the tube of the ther- 
mometer paſſed freely, —was thruſt down into the 


braſs cylinder, but not quite fo low as to touch 
the ſurface of the water, or other ſubſtance it con- 


tained. This cylinder, or diſk, was ſupported 1 in 
its proper place by three projecting braſs points 
or pins, which were fixed with ſolder to the 
outſide of the metallic 5 of the bulb of tlie 
thermometer. 

As ſoon as this diſk of cork is put into its place, 
the upper part of the hollow braſs cylindrical tube 
is filled with eider-down, and it is cloſed above 
vith its cork ſtopper, the tube of the thermome- 
ter, which paſſes through a fit hole in the middle 


of this ſtopper, projecting upwards. As the whole 


ſcale of the thermometer, from the point of freez- 
ing to that of boiling water, is above the upper 


ſurface of this ſtopper, all the changes of heat to 


which the inſtrument is expoſed, can be obſerved 
at all times without deranging any 7 of the 
apparatus. 

The thermometer is divided according to the 
ſcale of Fahrenheit, and its diviſions are made to 
correſpond with a very accurate mercurial ther- 
mometer made by TROUGHTON. 

The experiments with this inſtrument, which, 


| fo the ſake of diſtinction, I ſhall call my cylindrical | 


paſſoge 
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= paſſage thermometer, were made in the following 
manner: The thermometer being fixed in itz 
cylindrical braſs tube, in the manner above de. 
ſeribed, and ſurrounded by the ſubſtance the con, 


ducting power of which was to be aſcertained, 
the inſtrument was placed in thawing ice, where it 
was ſuffered to remain till the thermometer fell to 
32% lt was then taken out of the melting ice, and 
immediately plunged into a large veſſel of boiling 
water, and the conducting power of the ſubſtance 
which was the ſubject of the experiment was eſti, 
mated by the time employed by the Heat in paſling 
through it into the thermometer; the time being 
carefully noted when the liquid in the thermo. 
meter arrived at the 40th degree of its ſcale; and 


alſo when it came to every 2oth degree above it. 


As the flower Heat moves, or is tranſported, in 


any medium, the longer muſt of courſe be the time 


required for any given quantity of it to paſs througli 


it; and as the thermometer ſhows the changes 


which take place in the temperature of the body 
which is heated or cooled, (namely, the liquid 


with which the thermometer is filled, )—in conſe- 


quence of the paſſage of the Heat through the me- 
dium by which the thermometer is ſurrounded, the 
conducting power of that medium is ſhown by the 
quickneſs. of the aſcent or deſcent of the thermo- 
meter, when, having been previouſly brought to a 
certain temperature, the inſtrument is ſuddenly re- 
moved and plunged into another medium at any 
other conſtant given temperature. - 

5 | Having 


8 
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Having ſtill freſh in my memory the accidents I 


had ſo often met with in eating hot Apple-pies, I ! 


was very impatient, when I had completed this in- 
ſtrument, to ſee if Apples, which, as I well knew, 
are compoſed almoſt entirely of water, really poſſeſs 
a greater power of retaining Heat than that liquid 
when it is pure, or unmixed with other bodies. But 
before I made the Experiment, in order that its 
reſult might be the more ſatisfactory, I determined, 
in the following manner, how much water there 
really is in Apples, and what proportion their fibrous 


parts bear to their whole volume. 


960 Grains of ſtewed Apples (the Apples have 


ing been carefully pared and freed from their ſtems 


and ſeeds before they were ſtewed) were well 
waſhed in a large quantity of cold ſpring wa- 
ter, and the fibrous parts of the Apples being 
ſuffered to ſubſide to the bottom of the veſſel, 


the clear part of the liquor was poured off, and the 
fibrous remainder being thoroughly dried was care- 


fully weighed, and was found to weigh juſt 25 
grains. 

This 3 remainder of the * grains of 
ſtewed Apples being again waſhed in a freſh quan- 
tity of cold ſpring water, and afterwards very tho- 
roughly dried, by being expoſed ſeveral days on a 
china plate placed on the top of a German ſtove, 
which was kept conſtantly hot, was again weighed, 
and was found to weigh no more 2 18 . 
grains. 

From this Epe it appears that the eons 
parts of ſtewed Apples amount to leſs than ++ part 
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Of the Propapation of Heat 


of the whole maſs; and there is abundant reaſon 
> to conclude that the remainder, amounting to 42 
olf the whole, is little elſe than pure water. 


Having: ſurrounded the bulb of my cylindrical 
paſſage thermometer with a quantity of theſe ſtewed 
Apples, (the conſiſtence of the maſs being ſuch 
that it ſhewed no ſigns of fluidity,) the inſtrument 
was placed in pounded ice, which was melting, 
and when the thermometer indicated that the 
whole was cooled down to the temperature of 3 2” 
the inſtrument was taken out of the melting ice, 
and plunged into-a large veſſel of boiling water, 
and the water being kept boiling with the utmoſt 
violence during the whole time the Experiment 
laſted, the times taken up in heating the thermo- 
meter from 20 to 20 degrees were obſerved and 
noted down in a table, which had been previouſly 
prepared for that purpoſe. 

This Experiment having been repeated twice, 
and varied as often by firſt heating the inſtrument 
to the temperature of boiling water, and then 
plunging it into melting ice, and obſerving the 
time taken up in the paſſage of the heat out of the 
thermometer; I removed the ſtewed Apples which 
ſurrounded the bulb of the thermometer, and filling 
the ſpace they had occupied with pure water, I 
now repeated the Experiments again with that li- 
quid. 'Fhe following Tables ſhow the reſults of 
theſe- Experiments. 
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[Time the Heat was paſling 3 4 | | : 
INTO the 'Thermometer, 2 
| Through | Through | MG 
ſtewed Apples.“ Water. = 


Exp. | Exp. | Exp. | Exp. 


No. 1.] No. 3.| No. 5. No. 7. 


| | | Seconds. Seconds. Seconds. Seconds. 
In heating the Thermometer 1 | g 
from the temperature of 320 95 8 | 45 45 
to that of - 4: <4 | 
1 from 40® to 60 75 67 36 35 
| 60® to 8% 61 56 34] 31 


100 Of | % yol $6 
120 73 66] 37 36 
140% 90] 82 44 44 
1600] 121 | 113] 63 60 
1809] 188 | 170 93 90 
200 360 | 364 226 215 


rn 
* 


5 te % i en? 128 | 1057 | 608 | 586 


Times employed in heating the | | 


inſtrument 80 degrees, viz. . * 170 | 
from $0® to 1609 309 43 74 * 
Mean times in heating it from In ſtewed 


00 to 160? | Apples 335” ln Water 72 


The reſults of theſe Experiments ſhow that Heat 
paſſes with much greater difficulty, or much flower, 
in tewed Apples than in pure Water ; and as ſtewed 
Apples are little elſe than water mixed with a very 
{mall proportion of fibrous and mucilaginous mat- 
ter, this ſhows that the conducting power of water 
with regard to Heat may be impaired. 

| The reſults of the following Experiments will 

ſerve to confirm this concluſion. 
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Time the Heat was paſſing 
OUT OF the Thermometer, 


Through | Through 
ſtewed Apples. | Water. 


Exp.] Exp. | Exp. | Exp. 
No. 2. No. 4. No. 60 No. 8. 


Seconds. Seconds | Seconds. Seconds. 


from the temperature of 200 80 „„ 461} 37 
to-that of - 180? 5 
from 180? to 160? | 75 72 42 37 
160 to 140 | 84 83 +. 43 1} 4&3 
6j. $4] 51 
$0077 231 | 198] 731 7 
80] 198 | 190 | 112 | 105 
60% -q21 | 307. | 200 264 
40% 775 | 733 | 483 | 461 


'E otal: time in — from 
200 to 40? 


In cooling the mtr 


Times employed i in cooling the | 
inſtrument 80 degrees, viz. > | 530” | 510” | 282” | 272” 
from 160? to 80? Is : | | | 

Mean time in eooling it N In ſtewed 
160? to 80 Apples 520” 


In Water 277 


As the heating or cooling of the inſtrument goes 
on very ſlowly when it approaches to the tempera- 
ture of the medium in which it is placed, while, 
on the other hand, this proceſs is very rapid when, 
the temperature of the inſtrument being very dif- 
ferent from that of the medium, it is firſt plunged 
into it, both theſe circumſtances conſpire to render 
the obſervations made at the extremities of the 
Tale of the thermometer more ſubject to error, | 
and conſequently lets ſatisfactory than thoſe made | 
nearer the middle of it: In order that the general 
5 | concluſions 


don. 2. 


in Fluids. 2 17 


concluſions drawn from the reſult of the Experi- 
ments might not be vitiated by the effects produced 


by theſe unavoidable inaccuracies, inſtead of eſti- 


mating the celerity of the paſſage of the Heat by the 
times elapſed in heating and cooling the thermome- 
ter through the whole length of its ſcale, or between 
the point of freezing to that of boiling water, I 
have taken the times elapſed in heating and cooling 


it 80 degrees in the middle of the ſcale, viz. between 
80 and 160, as the meaſure of the conducting 


powers of the ſubſtances through which the Heat 
was made to paſs. 

have, however, noted the times which elapſed 
in heating and cooling the inſtrument through a 

much larger interval, namely, through an interval 
of 168 degrees in heating,—or from 32* to 200% — 
and in cooling through I bo degrees, or from 2005 
to 405. 
In reſpect to the cooling of the inſtrument, it is 
neceſſary that I ſhould inform my reader, that 
though I have not in the Tables of the Experiments 
mentioned any higher temperature than that of 200, 
yet the inſtrument was always heated to the point 
of boiling water, which, under the preſſure of the 
atmoſphere at Munich, where the Experiments 
were made, was commonly about 209+ deg. of Fah- 
renheit's ſcale. The inſtrument being kept in boil- 
ing water till its thermometer appeared to be quite 
ſtationary, was then taken out of the water, and 
inſtantly plunged into melting ice, and the time was 
obſerved and carefully noted down when the liquid 
in its thermometer patled the diviſion of its ſcale 
23 which 
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which indicated 200), as alſo when it arrived at the 
other diviſions indicated i in the Tables. 

| With regard to the four laſt mentioned Experi- 
ments, (No. 2, 4, 6, and 8,) it will be found on 
examination that their reſults correſpond very ex- 
actly with thoſe before deſcribed; and they cer- 
tainly prove in a very deciſive manner this impor. 
tant fact: hat a ſmall proportion of certain ſub. 
Nances, on being mixed with water, tend very power- 
fully to impair the conducting power of that Fluid in 
regard to Heat. 

In the Experiments No. 1 and No. 2, which 

were both made on the ſame day, and in the order 
in which they are numbered, the Heat was con- 
ſiderably more obſtructed in its paſſage through 
the maſs of ſtewed Apples which ſurrounded the 
thermometer than in the Experiments No. 4 and 
No. 4, which were made on the following day. It 

is probable that this was occaſioned by ſome change 
in the conſiſtency of this foft maſs of the ſtewed 
Apples which had taken place while the inſtrument 
was left to repoſe in the interval between the Expe- 
riments: but, inſtead of ſtopping to ſhow how 
this might be explained, I ſhall proceed to give an 
account of ſome Experiments from the reſults of 
which we ſhall derive information that will be 
much more ſatisfactory than any — I 
could offer on that ſubject. 

Suppoſing Heat to be propagated i in water in the | 
fame manner as it is propagated in air and other 
elaſtic Fluids, namely, that it is tranſported by its 
_ theſe being put in motion by the 

change 


25 
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change ick; IS * in their ſpecifie gravity, 
by the change of temperature, and that there is 


no communication whatever, or interchange of their 
Heat, among the particles of he ſame Fluid, — in that 
caſe, it is evident that the Propagation of Heat in a 
Fluid may be obſtructed in two ways, namely, by 
diminiſhing its Fluidity, (which may be done by diſ- 
ſolving in it any mucilaginous ſubſtance,) or, more 
ſimply, by merely embarraſſing and obſtructing the 
motion of its particles in the operation of tranſ- 


porting the Heat, which may be effected by mix- 


ing with the Fluid any ſolid ſubſtance,—(it muſt 
be à non- conductor of Heat however,)—in ſmall 
maſſes, or which has a very large ſurface in pre- 
portion to its ſolidity. 
In the foregoing Experiments with ewed Apples, 
the paſſage of the Heat in the water, (which conſti- 
tuted by far the greateſt part of the maſs,) was 
doubtleſs obſtructed in both theſe ways. The 
mucilaginous parts of the Apples diminiſhed very 
much the fluidity of the water, at the ſame time 


that the fibrous parts ſerved to embarrals i its inter- 


nal motions. 
In order to diſcover the b effefts of 


theſe two cauſes, it was neceſſary to ſeparate them; 


or to contrive Experiments, in which only one of 
them ſhould be permitted to act at the ſame 
time. This I endeavonred to do in the following 

manner. | | 
To aſcertain the effects produced by diminiſhing 
the fluidity of water, I mixed with it a ſmall quan- 
tity of arch, namely, 192 grains in weight to 2276 
Q4 | grains 


# 
* 1 
. 
. — ” 

— 0 . x 

— — — « SSS. 5 4 . . 

renee ney : ” 4 . * — 5 n nen 
= hs EI ern —— e 2 ns — — — — aw # . wv *% 4 
a 1 9 _ 1 , — i 5 — a 
2 1 — p s . 7 p — 5 1 4 - - —— - 
5 * boy bw Ws ir. rei? K 

n * > 320 WALES SS ra 


—— — 


— — —— ——ůů ů ů ů ů — —— 3 5 
- fm r Y e Th — * — : 8 1 
- 


3 — . IE 5 
r ,, . ——. — 


* 
WE. ' 
ig 

t 


220 Of the Propagation of Heat 


grains of water; —and to determine the effects 


produced by merely embarraſ/ing the water in its 
motions, I mixed with it an equal proportion (by 
weight) of EIDER-DO WN. The ſtarch was boiled 
with the water with which it was mixed; as was 
alſo the. eider-down. This laſt mentioned ſubſtance 


was boiled in the water in order to free it from air, 


which, as is well known, adheres to it with great 
obſtinacy. 

In order that theſe Experiments might, with 
greater facility, be compared with thoſe which were 
made with /tewed Apples, and with pure Water, 
I ſhall place their reſults all together, in the follow. 
ing Tables. | 


Thermometer 
umz 2to40 
trom 40? to 60 
60 to 80 
100 
120? 
140? 
160? 
180? 
200 


n heating i 


Total times 
nheating the 
nftrum* from 
2 to 2000 

| mes employ- 
xd in heating 
te Thermo- 
Meter 80 de- 
fees, viz. from 
50 to 160® 


4 N 
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75 Time the Heat was in paſſing IT the | 


Thermometer, 
Through 
| Through F 5 

ja Mixture of ene Throu h Th h | 
12276 grains 1 Mt; uf 
e £2 ater, | STEWED ⁴ - pure | 

and 102 ors, and 192 grs.| APPLES. | WATER. 
of rast. f Frs - | 
| | "| DOWN. | 
i 2 | 28 | 
Experiment| Experiment M E . ws — * 2265 

No. de ii x, 
Nor &N? z. N 5& Nez. 

0 Ss Seconds. ne | 83 
101 83 92 45 | 
828 Mi 77, 3570 
oy: * 49 53; 322 
63 52 62 2 1 
74 57 697 36? 

89 67 86 44 

115 93 117 617 
178 133 179 917 
453 360 362 220 
1109 949 10965 597 | 
; I 
f | 
341” 269 335” 172” 
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As the reſults of theſe Experiments prove, in the 
moſt decifive manner, that the Propagation of Heat 
in water is retarded, not only by thoſe things which 
diminiſh its fluidity, but alſo by thoſe which, by me- 
chanical means, and without forming any combination 
with it whatever, merely obſtruct its internal motions; 
it appears to me, that this proves, almoſt 0-2 


 demon- 
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ſTimet he Heat was in peng OUT OF * 
Thermometer, 
| Through Through 1 
ja Mixtureſa Mixture of | 
| of 2276 [2276 grains | Through | Through 
grains of| of Water, | STEWED pure 
Heer, & and 192 grs.| ArPIES. Wares 
192 grs. of of Eiptr- | 
STARCH.| DOWN. | | 
2 | 
{ling [Experiment m_ -_ two m_ - two 
No. 10. | No. 12. pte a &N94.N*6&N%, 
In cooling theY | Seconds, | Seconds. | Seconds. Seconds. 
Thermometer „ 1 
from 200 toſ} 69 68 1 41; 
1880 | | 
from 180 to 1609 66 61 73z Hu 391 
160ꝰ to 140 74 72 834 43 
120% 92 91 . 
100? I19 120 1385 | 73 
8 173 177 194 108; 
60% 283 279 314 202 
| 40% 672 073 754 472 
Total times in | 
cooling from ( 1548 1541 17492 1032 
200 to 40“ 
Times employ- | 
ed in cooling 
the inſtrument Py 5 „ 
80 degrees, 4.68" 460 520 a 277 
viz. from 160 | | | 
to 80 | | . | | | 
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demonſtration, that Heat is propagated in water in 
emſequence of its internal motions; —or that it is 
tranſported or carried by the particles of that li- 
quid, and that it does not ſpread and expand in it 
as has generally been imagined. 

1 have ſhewn in another place, and I believe I 
may venture to ſay I have proved “, that Heat is 
actually propagated in air, in the ſame manner I 
here ſuppoſe it to be propagated in water; and if 
the conducting powers of both theſe fluids are 
found to be impaired by the ſame means, it affords 
very ſtrong grounds to conclude that they both 
conduct Heat in the /ame manner: but this has 
been found to be actually the caſe. 

Eider-down, which cannot affect the ſpecifical 
qualities of either of thoſe fluids, and which cer- 
tainly does no more when mixed with them, than 
merely to obſtruct and embarraſs their internal 
motions, has been found to retard very much 
the Propagation of Heat in both of them: on com- 
paring theſe Experiments with thoſe I formerly 
made on the conducting power of air, it will even 
be found, that the conducting power of water is 
nearly, if not quite, as much impaired by a mix- 
ture of eider-down as that of air. 

In the courſe of my Experiments on the various 
ſubſtances uſed in forming artificial clothing for 
confining Heat, I found that the thickneſs of a 
ſtratum of air, which ſerved as a barrier to Heat, 
remaining the ſame, the paſſage of Heat through 
it was ſometimes rendered more difficult by in- 


* See Philoſophical TranſaRiony, 1792. | 
creaſing 
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creaſing the quantity of the light ſubſtance which 


was mixed with it to obſtruct its internal motion, 


To ſee if ſimilar effects would be produced by 
the ſame means when Heat is made to paſs through 
water, I repeated the Experiments with eider.- dun, 
reducing the quantity of it mixed with the water to 


48 grains, or one quarter of the quantity uſed | in 


the Experiments No. 11 and No. 12. 

The reſults of theſe Experiments, and a com. 
pariſon of them with thoſe before mentioned, may 
be ſeen 1n the following Tables: 


Time the Heat Was in paſſing 
INro the Thermometer, 
Through | Through | | 
Water with page with Throus! 
48 x rough 
4 grs. Or = 92 Or 


Experiment | Experiment: E 
| XP. 
N 13. No. 11. Ne 5 & Non. 


— — 
— 


In heating the Ther- Seconds. Seconds. Seconds. 
mometer from 32? 51 83 
to 40® 

from 400 . 55 
: 60 to 80 39 49 
100 0-1: $8 
. 57 
Rag 74.0? 56 67 
| 1800 118 133 
2000 293 360 
Total times in heating } 763 3 


from 32? to 200 
Times employed in 

heating the inſtru- . 

ment 80 degrees, or 

from 80 to 160? | 


4 


of its bulk ( of its bulk] POE 
of EipER- 75: EipkR- Wars. 
' DOWN. | DOWN. 
£55 6 3 Mean of two 


If 
T 


Ir 
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Time the Heat was paſſing OUT OF 
the Thermometer, 


| 


Through | Through | 92 10 
Water with Water with Through 
48 grs. or 36 192 grs. or Ws, 
of ft bulk |; of its bulk W 
of EIDpER- of Eiper- | p 
1 DOWN, DOWN. | 
Experiment Experiment * => 
| No. 14. No. 12. No 6 & Neg. 
In cooling the Thor. | Seconds. Seconds. Seconds 
mometer from 2009 49 68 414 
to 180% | 
from 180? to 1609 50 61 1 
160 to 140? 56 0M 43 
120 70 91 522 
1 986 120 73 
80” . rev 177 1084 
60 262 279 202 
40% | 661 673 i 
Total times in coolin . £ | 
from 200 to „ 1395 1541 1032 
Times employed in ä 
cooling the inſtru- . 2 3 
nentgodegrees, viz. 373 460 277 
from 1609 to 80 | 


2 


in air. 


The reſults of theſe Experiments are extremely 
ntereſting. They not only make us acquainted 
wth a new and very curious fa&,—namely, that 
teathers, and other like ſubſtances, which, in air, 
ae known to form very warm covering for con- 
ining Heat, not only ſerve the fame purpoſe in 
vater, but that their effects in preventing the 
pllage of Heat is even greater in water than 


This 
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This diſcovery, if I do not 8 myſelf 
throws a very broad light over ſome of the mot 
intereſting parts of the ecoriomy of Nature, and 
give us much ſatisfactory information reſpectig 
the final cauſes of many phænomena which have 

hitherto been little underſtood. 

As liquid water is the vehicle of Heat and 
Bouriſhment, and conſequently of life, in every 
living thing; and as water, left to itſelf, freeze; 
with a degree of cold much leſs than that which 
frequently prevails in cold climates, it is agreeable 
to the ideas we have of the wiſdom of the Creator 
of the world, to expect that effectual meaſure 
would be taken to preſerve a ſufficient quantity of 
that liquid in its fluid ſtate, to maintain life during 
the cold ſeaſon: and this we find has actually been 
done; for both plants and animals are ade to 
ſurvive the longeſt and moſt ſevere winter; 
but the means which have been employed to pro- 
duce this miraculous effect have not been inveltt | 
gated; —at leaſt not, in as far as they relate to 
vegetables. 

But as animal and vegetable bodies are efſentiall 
different in many reſpects, it is very natural 10 
ſuppoſe, that the means would be different which 
are employed to preſerve them againſt the fatal 
effects which would be. produced in each by the 
congelation of their fluids. 

Among organized bodies, which live on the 
ſurface. of the earth, and which of courſe are ex- 
poſed to the viciſſitudes of the ſeaſons, we find 


that e as the proportien of fluids to ſolids i is greater, 
= | the 
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pport of life and health; and the leſs are they 


temperature. 


S —_ > — r _ 


geater in animals than in vegetables; and in order 


which is neceſſary to the preſervation of life, they 
ne furniſhed with lungs, and are warmed by a pro- 
> ſimilar to that by which Heat is generated in 
te combuſtion of inflammable bodies. 

Among vegetables, thoſe which are the moſt 
ucculent are annual. Not being furniſhed with 
ungs to keep the great maſs of liquids warm, 
hich fill their large and flender veſſels, they live 
ny while the genial influence of the ſun warms 
dem, and animates their feeble powers; and they 


Wpport, 
There are many tender plants to be found in cold 


mich remain alive during the winter, and ſend off 
lh ſhoots in the enſuing ſpring. In theſe we 
ball conftantly find the roots more compact and 
nſe than the ſtalk, or with ſmaller veſſels, and a 
maller proportion of Fluids. 


antly find, that thoſe which contain a great 
roportion of thin watery liquids, not only ſhed 
elr leaves every autumn, but are ſometimes 
zen, and actually killed, in ſevere froſts. 


killed 
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be greater is the Heat which is required for the 
tle to endure any conſiderable — of their 
The proportion of Fluids to Solids is much 


to preſerve in them the great quantity of Heat 


troop and die as ſoon as they are deprived of his 


puntries, which die in the autumn, the roots of 


Among the trees of the foreſt, we ſhall con- 


uy thouſands of the largeſt walnut-trees were 
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killed by the froſt in the Palatinate, during the very 
cold winter in the year 1788; and it is well known 
that few, if any, of the deciduous plants of our 
temperate climate would be able to ſupport the ex. 
ceſſive cold of the-trigid zone. 

The trees which grow in thoſe inhoſpitable 
climates, and which brave the colds of the ſevercl 
winters, contain very little watery liquids. The 
ſap which circulates in their veſſels is thick and 
viſcous, and can hardly be ſaid to be fluid. Is there 
not the ſtrongeſt reafon to think, that this was ſo 
contrived for the expreſs purpoſe of preventing their 
being deprived of all their Heat, and killed by the 
cold during the winter ? 

We have ſeen by the 6 Experiments, 
how much the Propagation of Heat in a liquid i 
retarded by diminiſhing its fluidity; and who 
knows but this may continue to be the cake 
as long as any degree of fluidity remains ? 

As the bodies and branches of trees are not 
covered in winter by the ſnow which protect 
their roots from the cold atmoſphere, it is evident 

that extraordinary meaſures were neceſſary to pre 
vent their being frozen. The bark of all ſuch trees 
as are deſigned by nature to ſupport great degree 
of cold, forms a very warm covering; but tli 
precaution alone would certainly not have bee 
ſufficient for their protection. The fap, in all tre 
which are capable of ſupporting a long continuanc 
of froſt, grows thick and viſcous on the approac 
of winter. What more important purpoſe coul 


this change anſwer, than that here indicated! 
AN 


* , 


And it would. be more than folly to provid that 
it anſwers no uſeful purpoſe at all. 

We have ſeen, by the reſults of the foregoing 
Experiments, how much the ſimple embarraffment 
of liquids in their internal motions tends to retard 
the Prblogation of Heat in them, and conſequently 
its paſſage out of them;—and when we confider 
the extreme ſmallneſs of the veſſels in which the 
ſap moves in vegetables, and particularly in large 
trees;—when we recolle& that the ſubſtance of 
which theſe ſmall tubes are formed, is one- of the 
beſt non-conduCtors of Heat known*;—and when 
we advert to the additional embarraſſments to the 
paſſage of the Heat, which ariſe from the increaſed 
viſcoſity of the ſap in winter, and to the almoſt 
impenetrable covering for confining Heat, which is 
formed by the bark, we ſhall no longer be at a loſs 
to account for the preſervation of trees during the 
winter, notwithſtanding the long continuation of 
the hard froſts to which they are annually expoſed. 


I lately, by accident, had occaſion to obſerve a very ſtriking 
proof of the extreme difficulty with which Heat paſſes in wood. Be- 
ing preſent at the foundery at Munich, when cannons were caſting, 
I obſerved that the founder uſed a wooden inſtrument for ſtirring the 
melted metal, It was a piece of oak plank, green, or unſeaſoned, 
about ten inches ſquare and two inches thick, with a Jong wooden 
handle, which was fitted into a hole in the middle of it. As this 
inſtrument was frequently uſed, and ſometimes remained a conſider- 
able time in the furnace, in which the Heat was moſt intenſe, I was 
ſurpriſed to find that it was not conſumed ; but I was till more ſur- 
priſed, on examining the part of the plank which had been immerſed 
in the melted metal, to find that the Heat had penetrated it to fo 
inconſiderable a depth, that, at the diftance of one-twentieth of an 
inch below its ſurface, the wood did not ſeem to have been in the 
leaſt affected by it. The colour of the wood remained unchanged, 
and it did not appear to have loſt even its moiſture, 
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On the ſame principles we may, I think, ac 
count, in a ſatisfactory manner, for the preſervation 
of ſeveral kinds of fruit, —ſuch as apples and pears 
for inſtance, Which are known to ſupport, without 
freezing, a degree of cold, which would foon re- 
duce an equal volume of pure water to a ſolid maſs 
of ice. | 
At the ſame time that the coming {kin of the 
fruit effectually prevents the evaporation of its fluid 
parts, which, as is well known, could not take 
place without occaſioning a very great loſs of Heat, 
the internal motions of thoſe fluids are ſo much 
obſtructed by the thin partitions of the innumerable 
ſmall cells in which they are confined, that the 
communication of their Heat to the air ought, ac- 
cording to our hypotheſis, to be extremely flow. 
and difficult. Theſe fruits do, however, freeze at 
laſt, when the cold is very intenſe ; but it muſt be 
remembered, that they are -cainpoſed almoſt en- 
tirely of liquids, and of ſuch liquids as do not grow | 
- viſcous. with cold; and moreover, that they were 
evidently not 3 to ſupport, for a long time, 
very ſevere froſts. 

Parſnips and carrots, and ſeveral other kinds of 
roots, ſupport cold without freezing, ſtill longer 
than apples and pears, but theſe are leſs watery, 
and I believe the veſſels in which their fluids are 
contained, are ſmaller ; and both theſe circum- 
ſtances ought, according to our aſſumed principles, 
to render the paſſage of their Heat out of them 
more difficult, and OE to retard their 
congelation. 


* 
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But there is ſtill another circumſtance, and a 
very remarkable one indeed, which, if our conjec- 
tures reſpecting the, manner in which Heat is 
propagated in liquids be true, muſt a& a moſt im- 
portant part in the preſervation of Heat, and con- 
ſequently of animal and vegetable life, in cold 
climates. But as the probability of all theſe de- 
ductions muſt depend, very much, on the evidence 
which is brought to prove the great fundamen- 
tal fact on which they are eſtabliſhed ; —that re- 
ſpecting the internal motions among the particles 
of liquids, which neceſſarily take place when they 
are heated or cooled ;—before 1 proceed any 
farther in theſe ſpeculations, I ſhall endeavour to 
throw ſome more light on that « curious and intereſt- 
ing ſubjeQ. | 
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Farther fuveſtigations of the internal Motions among 
the Particles of Liquids, which neceſſarily take 
place when they are heated or cooled. — Deſcription 
of @ mechanical Contrivance, by which theſe Mo- 
tions in Water were rendered wvifible—An Account 
of various amuſing Experiments, which were 
made with this new-invented Inſtrument. —T hey 
lead to an important Diſcovery. Heat cannot be 
propagated bow NwWw AR DS in Liquids, as long as 
they continue to be condenſed by Cold. — Ice found, 
by Experiment, to melt more than eighty times 
flower, when boiling-hot Water ſtood on its Surface, 
than when the Ice was ſuffered to ſwim on the 
Surface of the hot Water.—The melting of Ice by 
Water ſtanding on its Surface can be accounted for, 
even on the Suppoſition that Water is a perfect 
Non- conductor of Heat.— According to the afſumed 
Hypotheſis, Water only eight Degrees of Fahren- 
beit's Scale above the freezing Point, or at the 
Temperature of 40˙, ought io melt as much Ice, 
in any given Time, when ſtanding on its Surface, 
as an equal Volume of that Fluid, at any higher 
Temperature, even were it boiling hot.—This 
remarkable Fact is proved by a great Variety of 
deciſiue Experiments. Water at the Temperature 
of 41“ is found io melt even MORE Ice, when fand. 


ing on its Surface, than boiling-hot Water.—The 
TR. Reſults 


| 


A; 


Reſults of all theſe Experiments tend to prove that 
Mater is, in fact, a perfett Non- conductor of Heat; 
or that Heat is propagated in it, merely in conſe- 
quence of the Motions it occaſions among the in- 
fulated or ſolitary Particles of that Fluid, which, 
among themſelves, have no Communication or Inter- 
courſe whatever in this Operation. The Diſcovery 
of this Fact opens to our View one of the grandeft 


and moſt intereſting Scenes in the Economy of 


6 


Nature. 


A the particles of water, as alſo of all other 

Fluids, are infinitely too ſmall to be ſeen by 
human eyes, their motions muſt of courſe be im- 
perceptible by us; but we are frequently enabled 
to judge, with the utmoſt certainty, of the motions 
of inviſible Fluids, by the motions they occaſion in 
viſible bodies. Air is an inviſible Fluid, but we 


acquire very juſt notions of the motions in air, by 


the duſt, and other light bodies which are carried 
along with it in its motions. Nobody who has 
ever ſeen a whirlwind ſweep over the ſurface of a 
ploughed field in dry weather, can have any doubt 


reſpecting the nature of the motions, into which 


the air is thrown on thoſe occaſions ; notwithſtand- 
ing that they are extremely complicated, and would 
be very difficult to deſcribe. 

It was by the motions of the very fine particles 
of duſt, which by accident had been mixed with 
ihe ſpirits of wine in my large thermometer, and 
which, when ſtrongly illuminated by the direct 
beams of the ſun, became viſible, that I firſt diſ- 
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covered the internal motions in that Fluid, which 
take place when it is cooling; and, availing myſelf 
of this kind hint, I contrived to render the internal 
motions of water equally viſible. This, I immedi- 
ately ſaw, could be done with the utmoſt facility, 
if I could but find any ſolid body of the ſame 
ſpecific gravity as water, which would be proper to 
mix with it ;—that is to ſay, that would not be 
liable to be diſſolved by it, or to be reduced to ſuch 
{mall particles as to become itſelf inviſible ; but 
ſuch a ſubſtance was not to be found. On reflec- 
tion it occurred to me, that it is very fortunate 
that ſubſtances. do not abound ; for otherwiſe 
we ſhould find great difficulty | in procuring water 
in a pure ftate. 

Not being able to find any ſolid ſubſtance ſit for 
my purpoſe, of the ſame ſpecific gravity as pure 
water, I was obliged to have recourſe to the fol- 
lowing ſtratagem. 

Looking over the tables of ſpecific gravities, [ 
found that the ſpecific gravity of tranſparent yellow 
amber was but a little greater than that of water, 
being 1.078, while that of water is 1.000; and it 
occurred to me, that by diſſolving a certain quan- 
tity of pure alkaline ſalt, I might augment its ſpe- 
cific gravity, or rather bring the ſpecific gravity 
of the ſolution to be preciſely equal to that of the 
amber, without impairing the tranſparency of the 
liquid, or changing any of its properties, by which 
the manner of its receiving and tranſporting Heat 
could be — affected. 


This 


3 
ae * RR 235 
This contrivance was put in execution in the 
following manner, with complete ſucceſs. Having 
provided myfelf with a number of glaſs globes of 
various ſizes, with long cylindrical necks, I choſe 
one which was about two inches in diameter, with 
a cylindrical neck 2 of an inch in diameter, and 
twelve inches long; and putting into it about 
half a tea-ſpoonful of yellow amber, in the form 
of a coarſe powder, (the pieces, which were irre- 
gular in their forms, and tranſparent, being about 
the ſize of muſtard- ſeeds,) I poured upon it a certain 
quantity of diſtilled water, which was at the tem- 
perature of the air in my room, (about 8 „ 


Finding, as I expected, that the amber remained 


at the bottom of the globe, I now added to the 
water as much of a faturated ſolution of pure vege- 
table alkali, as was ſufficient to increaſe the ſpecific 
gravity of the water, (or rather of the diluted faline 


folution,) till the pieces of amber began to float, 


and remained apparently motionleſs, in any part 
of the liquid where they happened to reſt. 

As the glaſs body was not yet as full as I wiſhed, 
I continued to add more of the alkaline ſolution, 
and of water, in due proportions, till the globe was 
full; and alſo till its cylindrical tube was filled to 
within about three inches of its end; and then 
cloſed it well with a clean cork. 8 
| Having ſhaken the contents of this glaſs body 
vell together, I placed it, with its cylindrical tube 
in a vertical poſition, on a wooden ſtand, and left 
it to repoſe in quiet, in order to ſee how long the 
jol:d particles of amber (which appeared to be very 
FR R 4 | equally 
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; acuity diſperſed about in the whole maſs of the 
liquid)—would remain ſuſpended. - 

Though the greater number of theſe be 
ſeemed at firſt to have no tendency either to aſcend 
or to deſcend, yet ſore of them ſoon began to move 
very flowly upwards, and others to move as flowly 
downwards ; and as theſe particles were moving at 
the ſame time promiſeuouſly in all parts of the ſame 
liquid, and even in the ſame part of it in both di. 
rections at the ſame time, the aſcending and de- 
ſcending particles frequently paſſing each other ſo 
near as to touch, I ſaw that theſe motions were in. 
dependent of any internal motion of the liquid, and 
aroſe merely from the difference of the ſpecific gra- 
vity of the different ſmall pieces of the amber, and 
of that of the liquid, Some of the pieces of amber, 
being evidently heavier than the liquid, moved 
downward, while others which were lighter al- 
cended to its ſurface. 

Finding that there was ſo much difference in the 
| ſpecific gravities of the different pieces of amber, | 
i now added more of this ſubſtance to the liquid, 
and ſuffering it to ſubſide after I had ſhaken it well 
together, I gently poured off what had riſen to the 
top of the liquid, and retaining only that which had 
ſettled at the bottom of it, I increaſed the ſpecific 
gravity of the liquid by adding a little of the alka- 
line ſolution, till the ſmall pieces of amber which | 
remained in the glaſs were juſt buoyed up and ſuſ- 
pended in the different parts of the Fluid, where 
they ſeemed to have taken their permanent ſta- 
tions. 


"0 had 


I had now an inſtrument which appeared to me 
to be well calculated for the very intereſting Ex- 
periments I had projected, and it will eaſily be 
imagined that I loſt no time in making uſe 
of it, 

The firſt Experiment I il with this inſtru- 
ment was to plunge it into a tall glaſs jar, nearly 
filled with water almoſt boiling hot. The reſult 
was juſt what I expected. Two currents, in op- 
polite directions, began at the ſame inſtant to move 
with great celerity in the liquid in the cylindrical 
tube, the aſcending current occupying the ſides of 
the tube, while that which moved downwards oc- 
cupied its axis. 

As the ſaline liquor grew warm, the velocity of 
theſe currents gradually diminiſhed; and at length, 
when the liquor had acquired the temperature of 


| the ſurrounding water in the jar, theſe motions 


ceaſed entirely. 

On taking the glaſs body out of the hot water, 
the internal motions of the liquor recommenced ; 
but the currents had changed their directions, 
that which occupied the axis of the tube being now 
the aſcending current. 

When the cylindrical tube, inſtead of being held 
in a vertical poſition, was inclined a little, the aſ- 
cending current occupied that fide of it which hap- 
pened to be uppermoſt, while the under ſide of it 
was occupied by the current which moved (with 
equal velocity) downwards. 

When the contents of the glaſs body had ac- 


qured the temperature of the air of the room, 
theſe 
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theſe motions ceaſed, but they immediately recom, 
menced on expoſing the inſtrument to 18 change 
of temperature. 

In all caſes where the aul ennent received Heat, 

the current in the axis of its cylindrical tube, when 
it was placed in a vertical poſition, (and that which 
oceupied its upper fide when it was inclined,) 
moved downwards.—When it parted with Heat its | 
motion was in an n oppoſite direction, that is to ſay 
whþwards. 
A change of temperature Pn only to a 
few degrees of Fahrenheit's ſcale, was ſufficient to 
ſet the contents of the inſtrument in motion ; and 
the motion was more or leſs rapid as the velocity 
was greater or leſs with which it acquired or parted 
with Heat, and the motion was moſt rapid in thoſe 
parts of the inſtrument where the communication 
was not rapid. 

A partial motion might at any time be produced 
in any part of the inſtrument, by applying to that 
part of it any body either hotter or colder than the 
inſtrument. If the body fo applied were hotter 
than the inſtrument, the motion of the ſaline liquor 
in it in that part of it immediately in contact with 
the hot body, was zhpw¾Cards, — if colder, downwards; 
and whenever a hot or cold body produced a cur- 
rent upwards or downwards, this current immedi- 
ately produced another in ſome other part of the 
liquid which flowed in an oppoſite direction. 

On inclining the cylindrical tube of the inſtru- 
ment to an angle of about 45 degrees with the plane 


of the horizon, and holding the middle of! it over the 
flame 
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inches above the point of the flame; the motion 
of the Fluid in the upper part of the tube became 


exceſſively rapid, while that in the lower end of it 
where it was united to the globe, as well as that 


in the globe itſelf, remained almoſt perfectly at 

reſt, FHE 
l even found that I could make the Fluid in the 
upper part of the tube actually boil, without that 
in the lower part of it appearing to the hand to be 
ſenſibly warmed. But when the flame was direct. 
ed againſt the lower part of the tube, all the upper 
parts of it in contact with the liquid, and eſpecially 
that ſide of it which was uppermoſt as it lay in an 
inclined poſition, where the aſcending current was 
moſt rapid, where it impinged againſt the glaſs, 
were very ſoon heated very hot. 

The motions in oppoſite directions, in the liquid 
in the tube, were exceedingly rapid on this ſudden 
application of a ſtrong Heat, and afforded a very 
entertaining ſight: but to a ſcientific obſerver they 

vere much more than amuſing. They detected 
Nature, as it were, in the very act, in one of her 
moſt hidden operations, and rendered motions vi- 
ble in the midſt of an inviſible medium which 
never had been ſeen before, and which moſt pro- 
bably had never been ſuſpected. 


Encouraged by this ſucceſs, and confirmed in 


my opinions reſpecting the intereſting fact I had 
undertaken to inveſtigate, I now proceeded with 
confidence to ſtill more direct and deciſive Expe- 
nments, | 

It 


game of a candle, at the diſtance of three or four 
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240 Of the Propagation of Heat 

It is an opinion which, I believe, is general) 
received among philoſophers, that water cannot 
be heated in contact with ice: reflecting on the 
ſubject, I immediately perceived that either thi 
muſt be a miſtake, or all my ideas reſpecting the 
manner in which Heat is propagated in that Fluid 
muſt be erroneous. I ſaw that as long as the ice 
floats at the ſurface of water which is attempted to 
be warmed over a fire, (or in any other way,) the 
ice-cold water which reſults from the melting of 
the ice, muſt, according to my own hypotheſis, 
deſcend, and ſpreading over the bottom of the con, 
taining veſſel, and, before it has time to be much 
heated, being in its turn forced to give place to 
the ice-cold water, which, as long as any ice re- 
mains, continues to deſcend in an uninterrupted 
{tream as long as this operation is going on, the 
mats of the water cannot be much heated; but on 
the ſuppoſition that water is not a conductor of | 
Heat, according to the common acceptation of that 
term, or that Heat cannot paſs in that Fluid except 
when it is carried by its particles, which, being put 
in motion by the change it occaſions in their ſpect- 
fic gravity, tranſports it from place to place, it 
does not appear how ice, if inſtead of being per- 
mitted to ſwim on water, were confined at the 
bottom of it, or at any given diſtance below its fur- 
face, could in any way affect the temperature of the 
ſuperincumbent water, or prevent its receiving Heat 
| from other bodies. 
Were water a conductor of Heat, there is nd 


doubt but that the influence of the preſence of the 
8 ice 
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ice would be propagmed in 1 water in _ direc- 


bons. 
The metals are all conduQors: of Heat, and 
profeſſor Pic r ET found, by an ingenious and de- 


etre Experiment *, that in a bar of copper 33 


inches in length, placed in a vertical poſition, Heat 


raſſed downwards as well as upwards, and nearly 
ih the ſame facility in both theſe directions; and 
fit can be ſhown that Heat cannot deſcend in water, 
that alone will, I imagine, be thought quite ſufficient 
to prove that water is not a conductor of Heat. 

When we meditate profoundly on the nature 
of Fluidity, it ſeems to me that we can perceive 
ſome faint lights which might lead us to ſuſpe& 
that the cauſe, and I may ſay the very eſſence of 
fuidity, is that property which the particles of 
bodies acquire when they become fluid, by which 
all farther interchange or communication of Heat 
among them is prevented. But however this may 
be, the reſult of the following Experiments will 
certainly be conſidered as affording indiſputable 
endence of one important fact, reſpecting the man- 
ner in which Heat is propagated in water. 


Experiment, No. 1 5. 


Into a cylindrical glaſs jar 4.7 inches 3 in diame- 
ter, and 14 inches high, I fitted a circular cake of 
Ice nearly as large as the internal diameter of the 
jar, and 3x inches thick, weighing 10 OZ. 


* Eſſais de Phyſique, tome x. Geneve 2790. 
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This cake of ice being ready, I now poured into 
the jar 6 Ib. 14 oz. Troy, of boiling- hot water, 
and putting the ice gently into it, I found that it 
was entirely melted in 2 minutes and 58 ſeconds, 

Having found by this Experiment how long the 
Ice was in melting at the ſurface of the hot water, 

I now: endeavoured to find out whether it would 
not require a longer time to melt at the bottom 
of the water. 


Experiment, No. 16. 


Into the ſame jar which was aſet i in the fore. 
going Experiment, I now put a cake of ice of the 
ſame form and dimenſions. as that above deſcribed, 
but inſtead of letting it ſwim at the ſurface of the 
hot water, I faſtened it down on the bottom of the 
Jar, and poured the water upon it. 

This cake of ice was faſtened down in the jar 
by means of two flender and elaſtic pieces of deal 
about + of an inch thick, and + of an inch wide, 
which being a trifle longer than the internal dis- 
meter of the jar, were of courſe a little bent when 
they were introduced into it in an horizontal po- 
ſition, and on being put down upan the ice, at 
right angles to each other, ſerved to confine the 
ice, and prevent its riſing up to the ſurface when 
the water was put into the jar upon it. 

1:40 protect the ice while the boiling-hot water 
was pouring into the jar, its ſurface was covered 
with a circular piece of ſtrong writing paper, which 


was after warde removed as gently as poſſible by 
| means 


£7 
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means of a ſtring which was faſtened to one ſide 
of it; and to prevent the glaſs jar from being 
cracked by the ſudden application of the boiling- hot 
water, [ began by pouring a ſmall quantity of cold 
water into the jar,—juſt enough to fill up the in- 
terſtices between the ice and the glaſs, and to 
cover the ice to the height of about + of an inch; 
nd in pouring the hot water into the jar, out 
of a large tea-kettle in which it had been boiled, 
took care to direct the ſtream againſt the mid- 
dle of the circular piece of paper which covered 
the ice. 355 

The jar with the ice and the hot water in it being 
placed on a table near a window, I drew away as 
rently as. poſſible the paper which covered the ſur- 
face of the ice, and prepared myſelf to obſerve at 
my eaſe the reſult of this moſt intereſting Expe- 
nent. | , 

A very few moments were ſufficient to ſhow me 
that my expectation with regard to it would not be 
lifappointed. In the former Experiment a ſimilar 
cake of ice had been entirely melted in leſs than 
three minutes; but in this, after more than twice that 
time had elapſed, the ice did not ſhow any apparent 
lgns of even beginning to melt. Its ſurface remained 
imooth and ſhining, and the water- immediately 
in contact with it appeared to be perfectly at reſt, 
though the internal motions of the hot water above 
t, which was giving off its heat to the ſides of 
the jar and to the air, were very rapid, as I could 
diltinctly perceive by means of ſome earthy particles 
or 
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or other i en which this water bappenel to 
contain. 

F examined the ice with a very good lens, but 
it was a long time before I could perceive any ſigns 
of its melting. The edges of the cake remained 
ſharp, and the minute particles of duſt, which by 
degrees were precipitated by the hot water as i 
grew colder, remained motionleſs as ſoon as they 
touched the ſurface of the ice. 

As the hot water had been brought from the 
kitchen f in a tea-kettle, it was not quite boiling hot 
when it was poured into the jar. After it had 
been in the jar one minute, I plunged a thermo- 
meter into it, and found its eme to be at 
189%. 

After 12 minutes had elapſed, its temperature at 
the depth of one inch under the ſurface was 170. 
At the depth of ſeven inches, or one inch above 
the ſuriace of the ice, it was at 16928 while at only 
2 of an inch lower, or + above the ſurface of the 
ice, its temperature was. 40?) -.: 

When 20 minutes had elapſed, the Heat in the 
water at different depths was found to be as follows: 

_ Immediately above the ſurface of the ice 40 
At the diſtance of 2 an inch above it -46? 


At 1 inch . . 130% 
At 3 inches V 
r 160⁵ 
When 35 minutes had 7 the Heat was as 
follows: 
| At the ſurface of the ice 5 40 
+ an inch above it — 76 


ich 
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1 inch above it - - 110? 
2 inches — 54, £20 

z inches „%% ᷑ 
5 inches 1 1484 1 
7 inches „„ 1 

At the end of one hour the Heat was as follows: 

At the ſurface of the ice V 

e - - 

2 inches - _ «:.: 
3 inches 1 1289 
4 inches — 5 
7 inches 1319 


After 1 hour as 15 minutes wo! arte. che 
Heat was found to be as follows: 


At the ſurface of the ice Of * 
1 inch above it — - 82? 
2 inches ” od - = '. "a 
3 inches - - - 1239 


The Heat of the water had hitherto been taken 
near the fide of the jar ;—in the two following 
trials it was meaſured in the middle or axis of the 
jar, 

When 1 hour and 30 minutes (reckoning al- 
ways from the time when the boiling-hot water 
vas poured into the jar) had elapſed, the Heat of 


the water in the middle of the jar was found to be 
3s follows: 


At the ſurface of the 5 5 a0 40' 
inch above it W 
2 inches „ 113 
3 inches 8 „ a | 116 
7 inches = . „ 


i it, 8 When 
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When 2 hours had elapſed, the Heat in the middle 
of the jar was found to. be as follows : 


At the ſurface of the ice 40? 
1 inch above it - Lb 76? 
Eo 2 inches. - a . 
3 inches - e 
4 inches I 108? 
6 inches 8 1 1082? | 
7 inches - T . 1084˙ 


An end being now put to the Experiment, the 
hot water was poured off from the ice, and on 
weighing that which remained, it was found that 
5 oz. 6 grains Troy (= REI grains) of ice had 
been melted. 

Taking the mean temperature of the water at 
the end of the Experiment at 106“, it appears 
that the maſs of hot water (which weighed 731 
ounces) was cooled 78 degrees, or from the tem. 

perature of 184 to that of 1067, during the Ex- 
periment. Now, as it is known that one ounce of 
ice abſorbs juſt as much- Heat in being changed to 
water as one ounce of water loſes in being cooled | 
140 degrees, it is evident that one ounce of water 
which is cooled 78 degrees, quo off as much Heat 
as would be ſufficient to melt 2 of an ounce of 
ice ; conſequently the 731 ounces of hot wate!, 
which in this Experiment were cooled 78 degrees 


actually gave off as much Heat as would have been | 
ſufficient to have melted 733X783 =40,% ounces ol 
ice. 
But the quantity of ice actually melted was 
only about five ounces ; and hence it appears that 


F 
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leſs than one: ei 575 part of the Heat lift by the water 


was communicated to the. ice; the reſt being carried 
off by the air. 

As the ſame quantity of hot water was mi in 
this Experiment, and in that, No. 1 5, which im- 
mediately preceded it, and as this water was con- 

' tained by the ſame vefſel,—(the glaſs jar above 
deſcribed,)—it appears that ice melts more than 
eighty times ſlower at the bottom of a maſs of boil- 
ing hot water, than when it is ſuffered to ſwim on 
its ſurface : For, as in the Experiment, No. 15, 
10+ oz. of ice were melted in 2 minutes and 58 
ſeconds, 5 ounces at leaſt muſt have been melted 
in 1 minute and 29 ſeconds ; but in the Ex- 
periment No. 16, 2 hours or 120 mmutes were 
employed in melting 5 ounces. 


The ice however was melted, though very lowly, 


ance alone would have been ſufficient to have 


| in which Heat is propagated in liquids, had I not 
found means to account in a ſatisfactory manner 
lor that fact, without being to abandon my 
lormer opinions. 


In about half an hour BY * hot water had 


tamining the ſurface of the ice I diſcovered an 
ppearance which fixed my attention and excited 
ul my curioſity ; I perceived that the ice had been 
melted and diminiſhed at its furface, excepting only 
Ilere it had been covered, or as it were ſhadowed, 
8 2 by 


e * _— 
| — | _ — „ ˙ ADE ro £5 Mee 


it the bottom of the hot water ; and that circum- 


overturned my hypotheſis reſpecting the manner 


been poured into the jar, in the laſt Experiment, 
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by the flat flips of deal by which the cake of ice 
was faſtened down 1n its place. 
| Had the ice been protected and prevented from 
being melted by that piece of the wood only, which, 
being undermoſt of the two, repoſed immediately 
on the ſurface of the ice, I ſhould not perhaps have 
been much ſurpriſed ; but that part of the ſurface of 
the ice being likewiſe protected which was ſituated 
immediately under the other piece of wood,—that 
which, lying acroſs the under piece, and reſting on 
it, did not touch the ice any where except juſt at its 
edge, that circumſtance attracted myattention; and 
I could at firſt ſee no way. of accounting for theſe 
appearances but by ſuppoſing that the ice had been 
melted by the calorific rays which had been emitted 
by the hot water; and that thoſe parts of the ice 
which had been ſhadowed by the pieces of deal, 
receiving none of theſe rays, had of courſe not 
been melted. | 

I was ſo much ſtruck with theſe appearances, that 
I immediately made the following Experiments, with 
a view merely to the elucidation of this matter. 


Experiment, No. 17. | 

Into a cylindrical glaſs jar, 62 inches in diame- 
ter, and 8 inches high, I put a circular cake of ice, i: 
as large as could be made to enter the jar, and ir 
about 34 inches thick; and on the flat and erer be 
ſurface of the ice I placed a circular plate of the de 


thinneſt tin I could procure, near 6 inches in dia- 
meter, 


D > A ug: * 
— . — g — — 


” 


ff 


meter, or ſufficiently large juſt to cover the ice. 
This plate of tin (which, to preſerve its form, or 
keep it quite flat, was ſtrengthened by a ſtrong 
wire, which went round it at its circumference) 
had a circular hole in its centre, juſt two inches in 
diameter, and it was firmly fixed down on the 
upper ſurface of the cake of ice, by means of ſeve- 
ral thin wooden wedges which paſſed between its 
circumference and the ſides of the jar. 

A ſecond circular plate of tin, with a' circular 


hole in its centre two inches in diameter, and in 
all other reſpects exactly like that already deſcribed, 
was now placed over the firſt, and parallel to it, at 


the diſtance of juſt one inch, and like the firſt was 
firmly fixed in its place by wooden wedges. 

Theſe perforated circular plates being fixed in 
their places, the jar-was placed in a room where 
Tahrenheit's thermometer ſtood at 34*; and ice- 
cold water was poured into it till the water juſt 


flled to within half an inch of its brim with boil- 
ing water: and being covered over with a board, 
vas ſuffered to remain quiet two hours. 

At the end of this time, the water, which was 
ſtill warm, was poured off, and the circular plate 
being removed, the ice was examined. 

A circular excavation, juſt as large as the hole 


in the tin-plate which covered the ice, (namely two 


inches in diameter,) and mp with it.— 
perfectly well defined, and about s of an inch 


deep in the centre, had been made in the ice. 
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covered the upper plate; and then the jar was 
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This was what I expected to find; but there 
was fomething more, which I did not expect, and 
which, for ſome time, I was quite at a loſs to 
account for. Every part of the ſurface of the ice 
which had been covered by the tin plate, appeared 
to be perfect, level, and ſmooth, and ſhowed no 
figns of its having been melted or diminiſhed, ex. 
cepting only in one place, where a channel, about 
an inch wide, and a little more than of an inch 
deep; Which ſhowed evident marks of having been 
formed by a ſtream of warm water, led from the 
excavation juſt mentioned, in the centre of the 
upper part of the cake of ice, to its circumference, 
As the edge, or vertical fide, of the cake of ice 
was evidently worn away where this ſtream paſſed, 
there could be no doubt with reſpect to its direc. 
tion. It certainly ran out of the circular excava- 
tion in the middle of the ice; and though it might 
at firſt appear difficult to explain the fact, and to 
ſhow how this hot water could arrive at that place, 
yet it was quite evident that the immediate caule 
of the motion of this ſtream of water could be no 
other than its ſpecific gravity being greater than 
that of the reſt of the water at the ſame depth: 
and that this greater ſpecific gravity was at the 
ſame time accompanied by a higher degree of Heat, 
is evident from the deep channel which this ſtream 
had ' melted in the ice, while other parts of the 
ſurface of the ice, at the ſame level, were not 
melted by the water which reſted on it. Jo eluc- 


date this Point, I made the — 
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Expiriment, No. 18. 


Thinking it probable, that if the circular exca- 
vation in the ice, which anſwered to the circular 
hole in the middle of the tin-plate which covered 
the ice, and alſo to that in the ſecond plate which 


| was placed an. inch higher, had been melted by 


radiant Heat, (as it has improperly been called,) 
or by the calorific rays from the hot water; then, 
in that caſe, as ſome of theſe rays muſt probably 


have been reflected downwards at the ſurface of 
the water, in attempting to paſs upwards into the 


air, I thought that by preventing this part of them 
from reaching the ice, which I endeavoured to do 
by cauſing them to be abſorbed by a light black 
body, (a circular piece of deal board, covered over 
with black filk,) which I cauſed to ſwim on the 


lurface of the water, their effects in melting the 


ice might perhaps be ſenſibly diminiſhed. Had 


this really been the caſe, it would certainly have 
| afforded ſtrong grounds to ſuſpe& that theſe rays 


| were in fact the cauſe of the appearances in queſ- 


tion; but on making the Experiment with the 


greateſt care, I could not perceive that the cover- 
ing of the ſurface of the hot water with a black 
body produced any difference whatever in the 


relult of the Experiment as it was firſt made, 


(Experiment No. 17,) or when this black * 
was not uſed. 

After ſome meditation on the ſubje&t, it oc- 
curred to me that this melting of the ice at its 
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upper ſurface could be accounted for, in a manner 

which appeared to me to be perfectly ſatisfactory; 
uithout ſuppoſing either that water is a conductor 
of Heat, or that the effect in queſtion 1 was produced 
by calorific rays. | 

Though it is one of the moſt. 88 laws of na. 
ture with which we are acquainted, that all bodies, 
ſolids as well as fluids, are condenſed by cold; 
yet, in regard to water, there appears to be a very 
remarkable exception to this law. Water, like 
all other known bodies, is indeed condenſed by 
cold at every degree of temperature which is con. 
fiderably higher than that of freezing, but its 
condenſation, on parting with Heat, does not go 
on till it is changed to ice ; but when in cooling its 
temperature has reached to the 4oth degree of 
Fahrenheit's ſcale, or eight degrees above freezing, 
it ceaſes to be farther condenſed ; and on being 
cooled ſtill farther, it actually expands, and con- 
tinues to expand, as it goes on to loſe more of its 

Heat, till at laſt it freezes; and at the moment 
when it becomes ſolid, and even after 1t has be- 
come ſolid, it expands ſtill more, on growing 
colder. This fact, which is noticed by M. DE Luc, 
in his excellent treatiſe on the modifications of the 
atmoſphere, has ſince been farther inveſtigated and 
put beyond all doubt, by SIR CHARLES BLAGDEN: 
See Philoſophical Tranſactions, vol. Ixxviii. 

Now, as water in contact with melting ice 1 
always at the temperature of 322, it is evident that 
water at that temperature muſt be ſpecifically 


lighter than water which is eight degrees warmer, 
mT WW 


Fae 


* 
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or at the temperature of 40˙ñ conſequently, if two 


parcels of water at theſe two temperatures be 
contained in the ſame veſſel, that which is the 
coldeſt and lighteſt muſt neceſſarily give place to 
that which is warmer and heavier, and currents 
of the warmer water will deſcend in that which i is 
colder. 

In the two laſt Experiments, as the circular tin- 
plate which covered the ſurface of the ice ſerved 
to confine the thin ſheet of water which was be- 
tween the plate and the ice, as this water could 
not riſe upwards, being hindered by the plate, 
and as it had no tendency to deſcend, it is pro- 
bable that it remained in its place ; and as it was 
ice-cold, it was not capable of melting the ice on 
which it repoſed. | 
But as the tin-plate had a circular hole in its 


centre, the ſurface of the ice in that part was of 


courſe naked, and the ice-cold water in contact 
with it being diſplaced by the warmer and heavier 
water from above, an excavation, in the form of a 
ſhallow baſin, was formed in the ice by this de- 
ſcending warm current. 

The warm water contained in this baſin over- 
flowed its banks as ſoon as the baſin began to be 
formed; and iſſuing out on that fide which hap- 
pened 8 be the loweſt, opened itſelf a paſſage 
under the tin- plate to the edge of the ice, over 
which it was precipitated, and fell down to the 
bottom of the jar. The water of this rivulet being 
warm, it ſoon formed for itſelf a deep channel in 


the ice; and at the end of the Experiment it was 


found 
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found to be every where deeper than the bottom of 


the baſin where it took its riſe. 
This manner of accounting for the appearances | 
in queſtion ſeemed to me to be quite ſatisfaQory ; 
and the more I meditated on the ſubject, the more | 
I was confirmed in my ſuſpicions that all liquid; 
muſt neceſſarily be perfect non-condudtors of Heat. 
On theſe principles I was now enabled to ac- 
count for the melting of the ice at the bottom of 
the hot water in the Experiment No. 16; as alſo 
for the flowneſs with which that proceſs went on; 
—and encouraged by this ſucceſs, I now proceeded 
with confidence to plan and to execute {till more de- 
ciſive Experiments; from the reſults of which, I 
may venture to ſay it, —the important facts in queſ- 
tion have been put beyond all poſſibility of doubt. 
If water be in fact a perfect non- conductor of 
Heat, — that is to ſay, if there be no communication 
whatever of Heat between neighbouring particles 
or molecules of that fluid, (which is what I ſuppoſe,) 
then, —as Heat cannot be propagated in it but only 
in conſequence of the motions occaſioned in the 
fluid by the changes in the ſpecific gravity of thoſe 
particles which are occaſioned by the changes of 
their temperature, it follows that Heat cannot be 
propagated downwards in water, as long as that 
fluid continues to be condenſed with cold; and 
that it is only in that direction, (downwards, ) that it 
can be propagated after the water has arrived at that 
temperature, where it begins to be expanded by 
cold ;—which has been found to be at about the 
| deen egree of Fahrenheit's s ſcale, 


Reaſoning 


. 
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Reaſoning on theſe principles, we are led to 
this remarkable concluſion; namely, that water 
which is only eight degrees above the freezing point, 
or at the temperature of 40*, muſt be able to melt as 
much ice in any given time, WHEN STANDING ON 
rs SURFACE, as an equal volume of water at any 
bigher temperature, EVEN THOUGH IT WERE Bor- 
ING HOT. 5 

My philoſophical reader will doubtleſs think 
that I muſt have had no ſmall degree of confidence 
in the opinion I had formed on this intereſting 
ſubject, to have had the courage to make, even in 
private, the Experiments which were neceſſary to 
aſcertain that fact. : 
| Experiment, No. 19. 

Into a cylindrical glaſs jar, 4.7 inches in diame- 
ter, and 13.8 inches high, I put 43.87 cubic inches, 
or 1 1b. 114 0z. Troy, in weight, of water, and 
placing the jar in a freezing mixture, compoſed of 
pounded ice and common ſea-falt, I cauſed the 
water to freeze into one compact maſs ; which ad- 
hered firmly to the bottom and ſides of the jar, and 
which formed a cylinder of ice juſt three inches 
high. ä 

Had the bottom of the jar been quite flat, inſtead 
of being raiſed or vaulted, the cylinder of ice would 
have been no more than 2.67 inches high. 8 

As ſoon as the water in the jar was completely 
frozen, the jar was removed from the freezing 
mixture, and placed in a mixture of pounded ice 
and pure water, where it was ſuffered to remain 
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four hours, in order that the cake of ice in the jar 
might be brought to the temperature of 32. . 

The jar {till ſtanding in a ſhallow diſh in the 
pounded 1 ice and water, the ſurface of which cold 
mixture was juſt on a level with the ſurface of the 
ice in the jar, I covered the top of the cake of ice 
with a circular piece of ſtrong paper, and poured 
gently into the Jar 73 Oz. Troy of boiling-hot 
water, which filled it to the height of eight inches 
above the ſurface of the ice. (See Plate II.) 

I then removed very gently the circular piece 
of paper which covered the ſurface of the ice, and 
after leaving the hot water in conta& with the ice 
2 certain number of minutes, I poured it off, and 
—weighing immediately the jar, and the unmelted 
ice which remained in it, —I aſcertained the quantity 
of ice which had been melted by the hot water during 
the time it had been ſuffered to remain in the jar, 

This Experiment I repeated four times the ſame 
day, (16th March 1797,) varying at each repe- 
tition of it the time the water was permitted to 
remain on the ice. The reſults of theſe Experi- 
ments were as follows : 


3 1 94 the gong nt Sore | 
ot wa-| of the hot] of the water | 
Number of ter re- | water when] 1 inch below Quantity 
the Expe-| 5 | its furt of ice 
.. maine It was pour -. its ſurtface at alter 
1 | on the | ed on the } the end of the } 
ice. ice. | Experiment, 
| | Minutes. | Grains. 
No. 19 I 186? Not obſerved | 1632 
20 | _ 34 1859 Not obſerved 1824 
NS. 21 |: 15 184% 170? 1757 
No. 22 [ 60 -* GE 1 140? 2573 | 
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From the reſults of theſe Experiments, it was 
plain that a very conſiderable portion of the ice 
which was melted, was melted in the very begin- 
ning of the Experiments, or while the hot water 
was actually pouring into the jar; which operation 
commonly laſted about one minute : and the irre- 
gularities in the reſults of the Experiments, and 
particularly of the three firſt, ſhowed evidently 
that the quantity of ice melted in that opera- 
tion was different in different Experiments. I had 
indeed foreſeen that this would be the caſe ; and 
on that account it was that 1 covered the ſurface 
of the ice with a circular piece of ſtrong paper, 
and always took care to pour the water very gently 
into the jar : but I found that all theſe precautions 
were not ſufficient to prevent very conſiderable 
anomalies in the reſults of the Experiments; and 
as I found reaſon to ſuſpe& that the motion in the 
maſs of the hot water, which was unavoidably oc- 
caſioned by removing the circular piece of paper 
which covered the ice, was the principal cauſe of 
theſe inaccuracies, I had recourſe to another, and 
a better contrivance. 

Having procured a flat, ſhallow diſh, of light 
wood, half an inch deep, 41 inches in diameter, 
(or ſomething leſs than the internal diameter of the 
jar,) — and about 2 of an inch thick at its bottom, 
I bored a great W of very ſmall holes through 
its bottom, which gave it the appearance of a 
fieve. This perforated wooden diſh having been 
previouſly made ice-cold, was placed on the ſurface 
of the ice in the jar; and the hot water being 

gently 
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gently poured into the diſh through a long wooden 
tube ; as this perforated diſh floated and remained 
contiuntly: at the ſurface of the water, and as the 
water paſling through ſuch a great number (many 
hundreds) of ſmall holes, was not projected down. 

wards with force, it is evident that by this ſimple 
contrivance thoſe violent motions in the maſs of 
Water in the jar, which before took place when 
the hot water was poured into the ice, and when the 
paper which covered the ice was removed, were, 

in a great meaſure, prevented. 

In order that the water which was poured 
through the wooden tube (the bore of which was 
about half an inch in diameter) might not impinge 
perpendicularly and with force againſt the bottom 
of the diſh, the lower end of the tube was cloſed - 
by a fit cork-ſtopple, and the water was made to I 
iſſue horizontally through a number of ſmall holes 
in the ſides of this tube, at its lower end. 

As ſoon as the operation of pouring the hot 
water into the jar was finiſhed, the perforated diſh 
was carefully removed, and the jar was covered 
with a circular wooden cover, from the centre of 
which a ſmall mercurial thermometer was ſul- 
pended. 

The effects produced by this new arrangement of 
the machinery will appear by comparing the reſults 
of the two following Experiments with thoſe juſt 
mentioned. | 


6 
in Fluids. 
Coop. i. [Temperature of the 
Number, 8 hot water, Quantity 
| Jofthe Ex- remained — — | of ice 
periment. | the ice. At thebe-| At the melted. 
| | ginning. | end. 
| Minutes. .| 5 | Grains. 
No. 23 ET 1962 196? 423 
| No. 24 | 3 | . 2 | 


In order ſtill more effectually to prevent the in- 
accuracies arifing from the internal motions in the 
maſs of hot water which were occaſioned in pour- 
ing the water into the jar, (and which could not 
fail to affect, more or leſs, the reſults of the Ex- 
periment,) I had recourſe to the following con- 
trivance. 

I filled a ſmall phial containing 83 cubic inches 
with ice-cold 2 and then emptying the phial 
in the jar, covered the furface of the ice with 
this ice-cold water to the height of 0.478 of an 


=_—_ | 
On the ſurface of this ice-cold water, inſtead of 
that of the ice, I now placed the perforated wooden 
diſh previouſly made ice-cold, and poured the hot 
water upon it. 

The reſults of the following Experiments ſhow 
that this contrivance tended much to diminiſh the 
apparent irregularities of the Experiments. 

The air of the room in which theſe Experiments 
were made was of the temperature of 41*. 
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+ Ms „ - Temperature « of the © * 
; | Time the hot water one inch 2 1 
No. of the hot water below its ſurface, of ice 
Experiment, was on the|— . melted. 
We... At the | At the | 
8 W end. 
CT Minutes. | | | | Grains, 
No. 25 10 | 1920 182* | 580 


No. 26 $0: 1 2007 —o208%5 024 
No. 27 Bo | 190” | 95* | 3200 _ 


From the reſults of theſe laſt three Experiments, 


we can now determine with a very conſiderable 
degree of certainty how much ice was melted in 
the act of pouring the water into the jar, and con. 


ſequently the rate at which it was melted in the 


ordinary courſe of the Experiment ;—ſuppoſing 
equal quantities to be melted in equal times. 

As in the 27th Experiment 3200 grains were 
melted in 180 minutes, and in the 25th Expe- 
riment 580 grains were melted in 10 minutes, 
we may ſafely conclude that the ſame quantity 
muſt have been melted in the ſame time (10 


minutes) in the 27th Experiment ; if, therefore, 


from 3200 grains,—the quantity melted in 180 
minutes in this laſt Experiment, - we deduct 580 
grains for the quantity melted during the firſt 10 
minutes, there will remain 2620 grains for the 
quantity melted in the ſucceeding 170 minutes, 
when the motions occaſioned in the water on 1ts 
being poured into the jar having ſubſided, we may 
ſuppoſe the proceſs of melting the ice to have gone 


on regularly. 


But if in the regular courſe of the Experiment, | 


no more than 2620 grains were melted in 170 
6 minutes, 


— * — — 3 Nr 


in Fhads." 


minutes,: it is evident that not more than 1 54 grains 


could have been melted in the ordinary courſe of 
the ere in 10 minutes; for 170 minutes: 2620 
grains : : 10 minutes: 154 grains. —If, therefore, 
from 580 grains, the quantity of ice actually melt- 
ed in 10 minutes in the 2 5th Experiment, we de- 
duct 154 grains, there remains 426 for the quan- 
tity melted in pouring the water into the jar. 


Let us ſee now how far this agrees with -the re- 


flt of the 26th Experiment. In this Experiment 
914 grains of ice were melted in 30 minutes. 
If from this quantity we deduct 426 grains, the 
quantity which according to the foregoing com- 
putation muſt have been melted in pouring the hot 
_ water into the Jar, there will remain 478 grains 
for the quantity melted in the ordinary courſe 
of the proceſs in 30 minutes; which gives I59 
grains for the quantity melted. in 10 minutes; 
which differs very little from the reſult of the 
toregoing computation, by which it appeared to 
de=1 54 grains. This difference however, ſmall 
as it is, is ſufficient to prove an important fact, 
namely, that the effects produced by the motion 


into which the hot water had been thrown in 


being poured into the jar had not ceaſed entirely 
in 10 minutes, or when at end was put to the 5th 
Experiment. 
truth, if, in our endeavours to diſcover the quantity 
of ice melted in any given time in the ordinary 


courſe of the Experiments, we found our com- 


putation on the reſults of the two Experiments 
No. 26 and No. 27. | 
VOL, II. 1 


—— 
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In the latter of cheſe Experiments 3200 grains 
of ice were melted in 180 minutes, and in the 
former 914 grains were melted in 30 minutes. If, 
therefore, from 43200 grains, the quantity melted 
in x80 minutes, we take the quantity melted in 
the firſt 30 minutes, = 914 grains, there will re. 
main 2286 grains for the quantity melted in the 
ſucceeding 150 minutes, and this gives 152 grains 
for the quantity melted in 10 minutes. By the 
former computation it turned out to be 154 
grains. 9271 | EE FAS 
But if 152 grains of ice is the quantity melted 
in 10 minutes, in the ordinary courſe of the 
proceſs, three times that quantity, or 456 grains 
only, could have been melted in this manner in the 
30 minutes during which the 26th Experiment 
laſted ; and deducting this quantity from 914 
grains, the quantity actually melted in that Expe- 
riment, the remainder, 458 grains, ſhows how 
much muſt have been melted in the pouring the 
hot water on the ice, or in conſequence of the 
motions into which the water was thrown in the 
performance of that operation. By the preced- 
ing computation this quantity turned out to be 
426 grains. 1 | 

From the reſult of theſe computations I think 
we may ſafely conclude, that in the ordinary courſe 
of the Experiments not more than 1 52 grains of 
ice were melted by the hot water in 10 minutes. 
I ſhall now proceed to give an account of ſevera 
Experiments in which the water employed to mel 
the ice was at a much lower temperature. 


Having 


, 


2 
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Having b a ſmall quantity of 3 ice which 
remained unmelted in the bottom of the jar, I put 
a freſh quantity of water into it, and placing the 


jar in a freezing mixture, cauſed this water, which 


filled the jar to the height of four inches, to freeze 
into one ſolid maſs of ice. I then placed the jar 
in a ſhallow earthen diſh, and ſurrounded it to the 


| height of the level of the top of the ice with a 


mixture of ſnow and water (ſee Plate II.); and 
placing it in a room in which there had been no 
fire made for many months, a_ in which the 
temperature of the air was at 41 I let it remain 
quiet two hours, in order that the ice might acquire 


the temperature of 32". 


| This being done, I took the jar out of the 
earthen diſh, and wiping the outſide of it dry with 
a cold napkin, I weighed the jar with the ice in it 
very exactly, and then replaced it in the earthen 
diſh, and ſurrounded it as before with ſnow and 
vater, to the height of the level of the ſurface of. 


the ice. 


I then poured 734 ounces Troy (=1 5,1 Pr grains) 
of water, at the temperature of 41?, into the jar, 
which covered the ice to the ſame height to which 


it had been covered in the former Experiments, 


namely, to about 8 inches; and ſuffering it to 


ſtand on the ice a certain number of minutes, I 
then poured it off, and wiping the outſide of the 


Ar, weighed it, in order to aſcertain how much 


ice had been melted. 
In putting this cold water into the jar, the ſame 
Precautions v were uſed (by pouring it through the 
T3 wooden 


93 
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wooden tube into the perforated wooden aiſh, &c.) 
as were uſed when the een was made with 
R the water. 
The following Table ſhows the reſults of ſix 
Experiments made the fame day, (the 19th March 
1797) in the order in which they are numbered, 
and which were all made with the utmoſt care: 


| ES 7 e Ny as | | | Y Fe 1 
I Vater in the jar 1 | 
Number] 1 inch below its Time the 

of the & ſurface, | * water re- vantity 


—— 


| Tempe- 
| 9 5 rat ure of a va d 
ment. | At the be At the | the air. the ice. melted. 
1 : ; ginning 0 E | y | ” a ; 1 { 


| 


of ice 


Minutes, n 


No. „„ ffJJJJJCCCCCCC 203 
No. 29 4. 40? 415 io | 220 
No. 30 17 £19 n 40⁰ 419 10 237 
No. 31 | 475 BAS 10 228 
No 32 415 3% ͤ 1 $0 617 
1 VV 


—— — — 


The agreement in hs reſults of theſe Expert 

ments is not much leſs extraordinary than the ſur- 

| ptiſing fact which is proved by them, —namely, 
that boiling-hot water does not thaw more ice in 
any given time when /tanding quietly on its furface 
than water at the temperature of 41%—or nine 
degrees. only above the point of freezing 

I] here is reaſon to conclude that it does not even 
thaw ſo much ;—and this ſtill more remarkable 
circumſtance may, I think, be accounted for in 2 
ſatisfactory manner, on the ſuppoſition (which, 


however, Li imagine will no longer be confidered as 
5 a bare 
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a bare ſuppoſition) that water is E 8 


of Heat. 
It appeared from the reſults of the Experiments 


made with hot water, that the quantity of ice melt- 


ed in 10 minutes in the ordinary courſe of that 

proceſs amounted to no more than 152 grains ;— 

but in theſe Experiments with cold water, the 

quantity melted in that time was never leſs than 

203 grains, and taking the mean of tour Experi- 

ments, it amounted to 222 grains. 
There is one circumſtance, however, reſpecting 


theſe Experiments with cold water, which it is ne- 


ceſſary to inveſtigate before their reſults can be 


admitted as complete proof in the important caſe 


in queſtion. 


In the Experiments which were made with hot 
water, it was found that a conſiderable part of the 
ice which was melted, was melted in conſequence 


of the motions into which the water was thrown 


upon being poured into the jar, and that the effect 


of theſe motions continued to be ſenſible for a 
longer time than moſt of theſe Experiments with 


cold water laſted. Is it not poſſible that the reſults 
of theſe Experiments with cold water may alſo 


have been affected by the fame cauſe ? This is AO 


[ ſhall endeavour to find out. 

In the 32d Experiment 617 grains of ice were 
melted in 30 minutes, and in the 33d Experiment 
585 grains were melted in the fame time; and 
taking the mean of theſe two Experiments it ap- 
pears that 601 grains were melted in 30 minutes. 


If now from this quantity we deduct that which, 
T'2 according 
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according to the mean reſult of the four preced- 
ing Experiments, muſt have been melted in 10 
minutes, namely, 222 grains, there will remain 379 
grains for the quantity melted in the laſt 20 mi- 
nutes in theſe two Experiments; conſequently, 
half this quantity, or 1891 grains, is what muſt 
have been melted in 10 minutes in the ordinary 
courſe of the proceſs. 
But this quantity, (189 grains,) though [ck 
than what was actually melted in the Experiments 
which laſted only 10 minutes, is ſtill conſiderably 
greater than 1 52 grains, the quantity which was 
found to have been melted in the ſame time in 
the ordinary courſe of the proceſs in thoſe Expe- 
riments in which hot water was uſed; conſe- 
quently the great queſtion, for the deciſion of which 
theſe Experiments were contrived, is, —I believe! 
may venture to ſay,—decided. | 
But, however concluſive the reſult of theſe Ex. 
periments appeared to me to be, I felt myſelt too 
much intereſted in the ſubject to reſt my inquiries 
here. 
Having Send; as well from the reſults of the 
Experiments made with cold water as from thoſe 
made with hot water, that a conſiderable quantity 
of ice was melted in the act of pouring the water 
into the | Jar, and in conſequence of thoſe undulatory 
motions into which the water was thrown in that 
operation, notwithſtanding all the pains I had taken 
. to diminith thoſe motions and prevent their effects, 
I now doubled my precautions in guarding againſt 
thoſe ſources of error and uncertainty. 


| Before 


4 
— 


% n 40 


Before I poured the water into the jar I covered 
the ſurface of the ice to the height 0.956 of an 
inch with ice-cold water, and this I did when water 
at the temperature of 41* was uſed, as well as in 
thoſe Experiments in which boiling-hot water was 
employed. In the former Experiments I had covered 


the ſurface of the ice with ice-cold water only in 


_ thoſe Experiments in which hot water was uſed, 
and even in thoſe I uſed only half as much ice- 
cold water as I now employed for that purpoſe. 

I alſo now poured the water into the jar in a 
ſmaller ſtream, employing no leſs than three mi- 
nutes in filling it up to the height of eight inches 
above the ſurface of the ice; and I endeavoured 
to aſcertain how far the reſults of the Experiments 


vere influenced by the temperature of the air, and 


alſo by wrapping up the jar in warm covering. 

The ſame jar was uſed in all the Experiments, 
and it was always placed in the ſame earthen diſh, 
and ſurrounded, to the level of the top of the ice, 
vith melting ſnow. This jar is very regular in its 
form, being very nearly a perfect cylinder, and is 
on that account peculiarly well calculated for the 
uſe for which I ſelected it. 

In each of the three firſt Experiments, which 
are entered in the following Table, the jar was well 
covered up with a very warm covering of cotton 
wool. This covering (which was above an inch 


thick) reached from the ſurface of the melting 


ſnow in which the jar ſtood, quite to the top of the 
jar, The mouth of the jar was firſt covered with 
a round wooden cover, (from the centre of which a 
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thermometer, the bulb of which reached one inch 
below the ſurface of the water, was ſuſpended) and 
on the top of this wooden cover there was put a 
thick covering of cotton. 

In all the Experiments in the following Table, 
except the three firſt, the jar was expoſed naked to 
the air, except the lower part of it, which, as! 
have already more than once obſerved, was always 
covered, as high as the ice in the jar reached, with 
melting ſnow, or with pounded ice and water. 

In the two Experiments No. 37 and No. 38, 
which are marked with aſteriſks, the ſurface of the 
ice was covered with ice-cold water to the depth 
of 0.478 of an inch only ;—in all the other Expe- 
riments it was covered to the n of o. 956 « of 
an Heh. 


4 


in Fluids. 
. emperatare of the COLES * 5 2 5 
Vater in the jar . | 
Number | 1 inch below its Time the I 
of the ſurface, 2 5 water re- Quantity | 
Experi- | mained on | 
| $3 In the be-] At the the air. the ice. | melted. | 
ginning of end off | 
the Exp. | the Exp. | 
—— . | 3 
88 1 25 5 | Minutes. Grains. 
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41 190? 180” + -. Oy* 30 542 
// 1 g6 Lees 
No. 43 | 42? | 44* | 619 30 575 | 
No. 44 1 — 8.2 8 251 


The reſults of theſe Experiments afford matter for 


much curious ſpeculation, but I ſhall content myſelf 


for the preſent with making only two or three obſer- 
vations reſpecting them. And in the firſt. place, it 
is remarkable, that although in the Experiments 
No. 34 and No. 35, of 3o minutes each, conſider- 
ably leſs ice was melted than in that No. 26, which 


laſted the ſame time; yet, in that No. 36, of 180 


minutes, more was melted than in that No. 27, of 
the ſame duration. This difference in the two 
laſt-mentioned Experiments will be accounted for 
hereafter. 

With regard to the difference in the reſults of 
the Experiments of zo minutes, there is no doubt 


but that it aroſe from * precautions which had 
been 
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been taken in this laſt ſet of Experiments to pre. 
vent the effect of the violent motions into which 
the hot water was thrown in being poured into the 
jar, that leſs ice was melted in the Experiment; 
No. 34 and No. 35, than in that No. 26. 
Secondly, It appears that more ice was melted in 
the ſame time, in the Experiments in which the jar 
was covered up with warm covering, than in thoſe 
in which it was left naked and expoſed to the air 
of the room. 
The difference is even conſiderable. The quan- 
tity melted in 30 minutes when the jar was covered, 
at a mean of two Experiments, (No. 34 and 
No. 35, ) was 690 f grains; —but when the jar was 
naked, the quantity at a mean of three Experiments 
(No. 39, No. 40, and No. 41) was only 5583 
grains. 
Tbiraly, The quantity of ice melted under ſimilar 
circumſtances,—that is to ſay, when the jar was 
naked, —was ſenſibly greater when the water was 
at the temperature of about 41*, than when it was 
nearly boiling hot. In the Experiment No. 41, 
when the water which was poured on the ice was at 
the temperature of 190 deg. 542 grains only of ice 
were melted in 30 minutes; whereas, in the next 
Experiment, (No. 42,) when the water was at 4157 
or 149 degrees colder, 573 28992 were melted in 
the ſame time. : 
Finding that covering up the jar with a thick and 
warm covering of cotton cauſed more ice to be 
melted by the hot water, I was curious to fee what 
effects would be produced by Keeping the jar 
plunged 


Bs 
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flunged quite up to its brim in a mixture of ſnow 
and water, inſtead of merely ſurrounding that part 
of it which was occupied by the cake of ice by this 
cold mixture. 

I was likewiſe deſirous of finding out,—and if 


poſſible at the ſame time,—whether water, at a 


temperature ſomething above that at which that 
Fluid ceaſes to be condenſed with cold, would not 
melt more ice in any given time than an equal 
quantity of that Fluid, either colder or much hotter. 
The reſult of the 43d Experiment had ſhewn me, 
hat indeed a very ſimple computation would 
have pointed out, —namely, that when the tempe- 
nature of the water is but a few degrees above ihe 
point of freezing, if its quantity or depth is not 
very conſiderable, it will ſoon be ſo much cooled 
a very ſenſibly to retard the proceſs of melting the 
ice: and with reſpect to hot water, the increaſed 


quantity of ice which was melted by it when the 
jar was covered up with a warm covering, con- 


vnced me that the real cauſe which prevented the 
hot water from melting as much ice as the cold 
vater in my Experiments, was the embarraſſments 
in the proceſs of melting the ice, which were 
occaſioned by the deſcending currents formed in 


the hot water on its being cooled by the air at its 


lurface, and by the ſides of the jar. 

Theſe deſcending currents meeting in the re- 
gion of the conſtant temperature of 40* with thoſe 
cold currents which aſcended from the ſurface of 
the ice, it ſeems very probable that the aſcending 

currents, 
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currents, on the motion of which the melting of ice 
depends, were checked by this colliſion. 

By retarding the cooling of the hot water above, 
by wrapping up the jar in a warm covering, the 
velocity of the deſcending currents was of courſe 
diminiſhed ; but when this was done, the reſults of 
the eee ſhowed that the melting of the | Ice 
was accelerated. 

When the jar being naked, the cooling of the 
hot water, and conſequently the motions of the 
deſcending currents, were rapid, no more than 
about 542 grains, or at moſt 575 grains, were 
_ melted in 30 minutes; but when the jar was 
covered with a warm covering, 634 grains, and in 
one Experiment (that No. 35) 747 e were 
melted in the ſame time. 

As plunging the jar into a cold mixture of ſnow 
and water could not fail to accelerate the cooling of 
the hot water in the jar, and conſequently to 
increaſe the rapidity of the deſcending currents in 
it, ought not this to embarraſs, in an extraordmary 
degree, the aſcending currents of ice-cold water 
from the ſurface of the ice, and to diminiſh the 
quantity of ice melted ?—This is what the follou- 
ing Experiments, compared with the reſults of 
* thoſe No. 39, No. 40, and No. 41, will ſhow. 


4 — 


in Fluids. 
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Temperature of the 
water in the jar Temperature 


1 inch below its of, the cold Time the 


mixture 1 uanti 
ſurface, Ds hich 4 water re- hy. rw 
| 1 mained on | 


In the be- Jar Was 2 the ice. melted. 
ginning off e ng. wx 
'the Exp. its brim. 


7 


Minutes. 
No. 45 ö 2-4 

No. 46 

No. 47 


No, 49 | 


Quantity of ice melted in theſe 5 Experiments, 1997 


Mean quantity melted by hot water when the jar was Grains. 
kept plunged to its brim in melting ice and water, 3997 
Iran quantity melted by hot water in 30 minutes, in 
the two Experiments, No. 26 and No. 27, when the 
part of the jar occupied by the water was ſurrounded 


q 


by air, at the temperature of 41%, _ - - 458 


Mean quantity melted by hot water in 30 minutes, in 
the three Experiments, No. 39, No. 40, and No. 41, 
when the part of the jar occupied by the water was 
ſurrounded by air, at the temperature of 61% = 

Mean quantity melted by hot water in 30 minutes, in 
the two Experiments, No. 34 and No. 35, when the 
part of the jar occupied by the water was kept covered 


tt — 


up by a thick and warm covering of cotton, _ +72] 690 


As all the Experiments were made in the ſame 


manner, and with equal care, and differed only in 
telpect to the manner in which the outſide of the 
jar, above the ſurface of the ice in it, was covered, 
their reſults ſhow the effects produced by thoſe 
Uterences. | : 
I ſhould 
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caſe was evident, not only from the manner in 
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I ſhould perhaps have ſuſpected that the greater 
quantity of ice which was melted when the heat o 
the water in the jar was confined for the longeſt 
time had been occaſioned, at leaſt in part, by the 
Heat communicated downwards by the medium of 
the glaſs; but that this could not have been the 


which the ice was always found to have been 
melted, but alſo from the reſults of ſimilar Exye. 
riments made with much colder water. 
Had it been melted by Heat communicated by 
the glaſs, it would undoubtedly have been moſt 
melted in thoſe parts of its ſurface where it was in 
contact with the glaſs, but this I never once found 
to be the caſe. 
| The reſults of the following W vil 
ſhow, what indeed might eaſily have been fore- 
ſeen, —that the temperature of the medium by 
which the upper part of the jar was ſurrounded 
does not always affect the reſult of the Experiment 
in the ſame degree, — nor even always in the ſont 
manner, —in different Experiments in which tle} 
temperature of the water in the jar is very 
_ different. 
| To facilitate the compariſon of theſe Expert 
ments, and that of the foregoing, which ale 
ſimilar to them, I ſhall here place them together. 
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It is certainly very remarkable indeed that fo 
much more ice ſhould be melted by water at the 
temperature of 41 when the jar which contained 

it was ſurrounded by a cold mixture of pounded ice 
and water, than by an equal quantity of boiling- 
hot water in the ſame circumſtances. In the Expe- 
rment No. 50, the quantity melted by the cold 
water was 542 grains, while that melted by the 
boiling-hot water, taking the mean of five Experi- 
ments, (thoſe No. 45, 46, 47, 48, and 49,) was 
no more than 3995 grains. But the reſults of the 
four following Experiments are, if poſſible, {till 
more ſurpriſing. | 

Theſe Experiments were made with water at the 
temperature of 61", the temperature of the air of 
the room being at the ſame time 61“; in the two 
firſt of theſe Experiments the j jar was kept plunged 
to its brim in a mixture of ſnow and water, —in 
the two laſt its lower part only, namely, as high 
as the level of the ſurface or the 1 ice, Was ſurrounded 
"by 
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-by this cold mixture, its upper part being naked, 
and ſurrounded by the air of the room. 

In each of the Experiments, (as in thoſe which 
| preceded them,) before the water was poured into 
the jar the ſurface of the ice was covered to the 
height of 0.956 of an inch with ice-cold water, in 
order more effectually to defend it againſt the ef. 


water employed to melt the ice was unavoidably 
- thrown in the performance of this operation ; and 
the ſame quantity of water was always uſed, name- 
ly, 731 ounces Troy, or as much as was ſufficient to 
fill the jar to the 3 of 8 inches. 


| 7 3 of the 3 


5 water in the jar ture of the 
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of the | ſurface, by which water re- Qu fie nal 
Experi- ——jthe upper mained on SR i 
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4 5 3 oo Minutes. | Grains. 


+ Mo-$1-j 61? '-]-: 490? g2” 30 660 
No. =. 1 1:08 20 662 
No. 53 612 [ S hx" 30 | 642 

j No. e 1-.-60® — 3670 | 


Theſe Experiments are remarkable, not only on 
account of the very ſmall difference in the quan- 
tities of ice melted which reſulted from the cooling 
of the ſides of the jar, but alſo, and more eſpecially, 
as that difference was directly contrary to the el⸗ 
fects produced by the ſame means in the Experi· 


ments with hot water. More ice was melted mw 
| t 
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che outſide of the j jar was kept ice-cold than when 
| was ſurrounded by air at the temperature of 

61", 

All theſe appearances "as I think, be ac- 
counted for in a ſatisfactory manner on the prin- 
ciples we have aſſumed reſpecting the manner in 
which Heat is propagated in liquids; but without 
| engaging ourſelves at preſent too far in theſe ab- 
fruſe ſpeculations, let us take a retroſpective view 
of all our Experiments, and ſee what general re- 
ſults may with certainty be drawn from them. 

One of the Experiments in which the greateſt 


quantity of ice was melted by hot water is that 


No. 36, in which 3963 grains were melted in three 
hours, or 180 minutes. If now from this quantity 


we dedu& that which, according to the reſults of 


the two preceding Experiments, muſt have been 
melted in the firſt 30 minutes, namely, 6904 grains, 
there will remain 3272 grains for the quantity 
melted in the laſt 150 minutes, which gives 6 54 
grains for the quantity melted in 30 minutes in 
the ordinary courſe of the E xperiment. 
This quantity, 654 grains, deducted from that 
which at a mean of two Experiments (thoſe No, 34 
and No. 35) was found to be actually melted in 30 
minutes, namely, 6905 grains, leaves 36 grains for 
the quantity which in theſe two Experiments was 
melted in conſequence of the temporary motions 


into which the hot water was thrown in the opera- 


tion of pouring it into the Jar, The difference 


between theſe two quantities (= 36 grains) is very 
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inconſiderable, and ſhows that the means aſe for 
diminiſhing the effects produced by ole motiong 
had been very efficacious. 

As the reſults of the three Experiments Ne o. 34, 
No. 35, and No. 36, were exceedingly regulat 
and fatisfaftory,—as the Heat of the water appears 
to have been ſo completely confined by the warm 
covering which ſurrounded the jar, and as the 
proceſs of melting the ice went on regularly or 
equally for ſo great a length of time (three hours) 

in the 36th Experiment, we may venture to con- 
' clude that more ice could not poſlibly have been 
melted by boiling-hot water —/tanding on it—than 
was melted in theſe Experiments. 

This quantity was found to be at the rate of 
6541 grains in 30 minutes. 

But as in theſe three Experiments extraordinary 
means were uſed, by which an uncommonly large 
quantity of ice was melted, they cannot be con- 
ſidered as ſimilar to thoſe which were made with 
cold water, and conſequently cannot with propriety 
be compared with them. 

When the Experiments were ſimilar, the mean 
_ reſults of thoſe which were made with water at | 
different temperatures were as follows : 


yy 
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which was occupied by | With water at the tem-] 
the water was ſurround- 2 perature of 61˙ Ex- 660 
ed by pounded ice and] periments No. 51 and(| ” 
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From the reſults of all theſe i we 
may certainly venture to conclude, that boiling- hot 
water is not capable of melting more ice when 
fanding on its ſurface, than an equal quantity of 
water at the temperature of 417, or when it is _ 
nine degrees above the temperature of freezing! 

This fact will, I flatter myſelf, be conſidered 
as affording the moſt unqueſtionable proof that 
ould well be imagined, that water is a perfect non- 
conductor of Heat, and that Heat is propagated in 
i only in conſequence of the motions which the 

U 2 | Heat 
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| Fluids, and particularly in water; and adding ſuch 


07 the Pripagetiom of Heat 


of that fluid *. 


. of the moſt intereſting ſcenes in the economy of 
Nature :—but in order to prepare our minds for 


trations as either ſuperfluous or tireſome. 


too evident to require illuſtration and it appears to me that it vill 
phenomena c of chemical affinities and vegeratiou. Perhaps all the 


- traced to the ſame cauſe, —namely, to the non - conducting power of 


Heat onions in-the inſulated and folitary particles 


The diſcovery of this fact opens to our view one 


the contemplation of it, it will be not amiſs to re. 
freſh our memory by recapitulating what has al. 
ready been faid on the Propagation of Heat in 


occaſional obſervations as may tand ta elucidate 


that abſtruſe ſubject. 
Thoſe who enter into the ſpirit of theſe inveſti. 
gations will not conſider theſe repetitions and illuſ- 


* The infight which this diſcovery gives us in regard to the nature 
of the mechanical proceſs which takes place in chemical ſolutions is 


enable us to account in a ſatisfactory manner for all the various 
motions among inanimate bodies on the ſurface of the globe may be 


Fluids with regard to Heat, 


RA Me 


CHAP. in. 


Rercapitulation, and farther Inve/tigation of the Sub- 
fect.—All Bodies are condenſed by Cold without 
Limitation, WATER ONLY EXCEPTED.—Won- 
derful Effects produced in the World in conſequence 
of the particular Law which ' obtains in the Con- 
denſation of Water.—T his Exception to one of the 
moſt general Laws of Nature, a ſtriking Proof of 
Contrivancè in the Arrangement of the Univerſe ;— 
a Proof which comes home to the Feelings of every 
ingenuous and grateful Mind.—T his particular 
Law does not obtain in the Condenſation of SALT. 
WaTER.—Final Cauſe. of the Saltneſs of the Sea 
He Ocean probably deſigned by the Creator to 
' ſerve as an Equalizer of Heat—Could not have 
anſwered that Purpoſe had its Waters been fr eh. 
' Final Cauſe of the Freſhneſs of Lakes and inland 
Seas in high Latitudes.—Uſefulneſs of theſe Spe- 


culations. ä 


the immediate cauſe of the motions in a liquid, 

which take place on its undergoing a change 
of temperature, is evidently the change in the 
ſpecific gravity of thoſe particles of the liquid 
which become either hotter or colder than the reſt 
of the maſs, and as the ſpecific gravities of ſome 
liquids are much more changed By any given 
change of temperature than that of others, ought 
3 "3  — an 


282 Of the Propagation of Heat 


not this circumſtance (independent of the more or 

leſs perfect fluidity of the liquid) to make a ſenſible 
difference in the conducting power of liquids ? 
The more a liquid is expanded by any given 
change of temperature, the more rapid will be the 
aſcent of the particles which firſt receive the Heat; 
and as theſe are immediately replaced by other 
colder particles, which, in their turns, come to 

be heated, this muſt of courſe produce a rapid 
communication of Heat from the hot body of the 
liquid. 
But when, on the other hand, the ſpecific gra- 
vity of a liquid is but little changed by any given 
change of temperature, the motions among the 
particles of the liquid occaſioned by this change 
muſt be very ſluggiſh, and the communication of 
Heat of courſe very flow. 

Let us ſtop here for one moment juſt to aſk 
ourſelves a very intereſting queſtion. Suppole that 
in the general arrangement of things it had been 
neceſſary to contrive matters ſo that water ſhould 
not freeze in winter,—or that it ſhould not freeze 
but with the greate/t difficulty ;—very ſlowly ; and 
in the ſmalleſt quantity poffible ;—How could this 
- have been moſt readily effected? 

Thoſe who are acquainted with the law of the 
condenſation of Water on parting with irs Heat 
have already anticipated me in theſe ſpeculations ; 


and it does not appear to me that there is any | 


thing which human fagacity can fathom, within 
the wide-extended bounds of the viſible creation, 


which affords a more ſtriking « or more pap 
| Proc 


Cor 


be 
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proof of the witions of the Creator, and of the 
ſpecial care he has taken in the general arrange- 
ment of the univerſe to preſerve animal life, than 
this wonderful contrivance :—for though the 
extenſiveneſs and immutability of the general 
laws of Nature impreſs our minds with awe and 
reverence for the Creator of the univerſe, yet 
exceptions to thoſe laws, or particular modifications 
of them, from which we are able to trace effects 
evidently ſalutary or advantageous to ourſelyes 
and our feHow-creatures, afford ſtill more ſtriking 
proofs of contrivance, and ought certainly to 
awaken in us the moſt lively ſentiments of admira- 
tion, love, and gratitude. 

Though in temperatures above blood-heat the 
expanſion of water with Heat is very conſiderable, 
jet in the neighbourhood of the freezing point it is 
almoſt nothing. And what is ſtill more remarkable, 
3 it is an exception to one of the moſt general 
ws of Nature with which we are acquainted, 
when in cooling it comes within eight or nine de- 
grees of Fahrenheit's ſcale of the freezing point, 
inſtead of going on to be farther condenſed as it 
bles more of its Heat, it aQually expands as it 
grows colder; and continues to expand more and 
more as it is more cooled. | 
lf the whole amount of the condenſation of 
ay given quantity of boiling-hot water, on being 
cooled to the point of freezing, be divided into any 
fiven number of equal parts, the condenſations 
Wrreſponding to equal changes of temperature will 
be very unequal in different temperatures | 

U4. | un 


— 
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(or one-eighth part of the interval between the 


In cooling 22 degrees of Fahrenheit's ſcale, 


boiling and the freezing points) the condenſation 
will be, 


75 . Condenſation, 
In cooling 222® viz. from 212 to 1892» - 18 uy 
| 1 1895? — 1679? - 16.2 
167% — 1442 - 173.8 
1447? — 122? 11.5 
122” = 007 = 9-3 
ES T7 - 
N | ,, -$4 
: Fe 542 — 32? R o. 2 


Hence it appears that the condenſation of water, 
or increaſe of its ſpecific gravity in being cooled 
22 degrees of Fahrenheit's ſcale, is at leaſt ninety 
times greater when the water is boiling-hot, than 
when it is at the mean temperature of the at- 
moſphere in England ( 542), or within 224 degrees 
of freezing (for 18 is to 0.2 as 90 to 1). 

All liquids, it is true, in cooling, are more con- 
denſed by any given change of temperature when 
they are very hot, than when they are colder; but 
theſe differences are nothing compared to thoſe we 
obſerve in water. 

The ratio of the condenfation in cooling from 
2125 to 1892? to that in cooling from 54 to 32* 
in each of the under- mentioned fluids, has been 
ſhown, by the Experiments of M. DE oy; to 1 
as follows: | 


Olive oil - - as Ires to I 

Strong ſpirits of wine as 115 to f 

A. ſaturated ſolution of ſea- - 

| I 
ſalt in water, Ie 


Pure water «> =" £90 tor 


SS» 


The Akerence We the laws of the con- | 


denſation of pure water, and of the ſame fluid when 
it holds in ſolution a portion of ſalt, is ſtriking; 


but when we trace he effefs which are produced 
in the world by that arrangement, we ſhall be ol 
in wonder and admiration. 

Let me beg the attention of my reader while I 
endeavour to inveſtigate this moſt intereſting ſub- 
jet, and let me at the ſame time beſpeak his 
candour and indulgence. I feel the danger to 
which a mortal expoſes himſelf who has the 


temerity to undertake to explain the deſigns of 


Infinite Wiſdom.—The enterpriſe 18 adventurous, 


but it cannot ſurely be improper. 


The wonderful ſimplicity of the means employed 
by the Creator of the world to produce the changes 
of the ſeaſons, with all the innumerable advantages 
to the inhabitants of the earth, which flow from 
them, cannot fail to make a very deep and 'a 


laſting impreſſion on every human being whoſe 


mind is not degraded, and quite callous to every 


ingenuous and noble ſentiment : but the farther 
we purſue our inquiries reſpecting the conſtitution 


of the univerſe, and the more attentively we exa- 
mine the effects produced by the various modifi- 
cations of the active powers which we perceive, 
the more we ſhall be diſpoſed to admire, adore, 


and love that great Firſt Cauſe which brought all 


things into exiſtence. 
Though winter and ſummer, ſpring and au- 
tumn, and all the variety of the ſeaſons, are pro- 


duced in a manner at the ſame time the. moſt 
ſimple 
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 fimple and the moſt ſtupendous (by the inclina- 
tion of the axis of the earth to the plane of the 
ecliptic); yet this mechanical contrivance alone 

would not have been ſufficient (as I ſhall endea- 
vour to ſhow) to produce that gradual change 
of temperature in the various climates which we 

find to exiſt, and which doubtleſs is indiſpenſably 

neceſſary to the preſervation of animal and vege 
table life. 
| Though change of temperature ſeems neceſſary 
to the growth and perfection of moſt vegetables, 
yet theſe changes muſt be within certain limits. 
Some plants can ſupport greater changes of tem- 
perature than others, but the extremes of Heat 
and of Cold are alike fatal to all. 

As the rays of the ſun are the immediate cauſe 
of the Heat on the ſurface of the globe, and as 
the length of the days in high latitudes is ſo very 
different in ſummer and in winter, it is evident 

that, in order to render thoſe regions habitable, 
ſome contrivance was neceſſary to prevent the 
conſequences which this great inequality of the 
Heat generated by the ſun in ſummer and in win- 
ter would naturally tend to produce; or, in other 
words, to equalize the Heat, and moderate its 
extremes in theſe two ſeaſons. _ 

Let us ſee how far Water is concerned in this 

operation, and then let us examine how far 
the remarkable law which has been found to ob- 
tain in its condenſation by cold tends to ren- 
der it well adapted to anſwer that moſt important 
8 
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The vaſt extent of the ocean, me its great 
depth, — but ſtill more its numerous currents, and 
the power of water to abſorb a vaſt quantity of 
Heat, render it peculiarly well adapted to ſerve as 
an equalizer of Heat. 

On the retreat of the ſun after the ſolſtice, it is 
cloſely followed by the cold winds from the regions 
of eternal froſt, which are continually endeavour» 
ing to preſs in towards the equator. As the 
power of the fun to warm the ſurface of the earth 
and the air diminiſhes very faſt in high latitudes 
on the days growing ſhorter, it ſoon becomes too 
weak to keep back the denſe atmoſphere which 
preſſes on from the polar regions, and the cold 
| increaſes very faſt, 

There is, however, a Sr, by which theſe 
rapid advances of winter are in ſome meaſure mo- 
derated. 'The earth, but more eſpecially the water, 
having imbibed a vaſt quantity of Heat during the 
long ſummer days, while they received the influ- 
ence of the ſun's vivifying beams ; this Heat, being 
given off to the cold air which ruſhes in from the 
polar region, ſerves to warm it and ſoften it, and 
conſequently to diminiſh the impetuoſity of its 
motion, and take off the keenneſs of its blaſt, 
But as the cold air ſtill continues to flow in as the 
un retires, the accumulated Heat of ſummer is ſoon 
exhauſted ; and all ſolid and fluid bodies are re- 
duced to the temperature of freezing water. In 
this ſtage the cold in the atmoſphere increaſes very 
aſt, and would probably increaſe ſtill faſter, were 
it not for the vaſt quantity of Heat which is com- 

municated 
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munjcated to the air by the watery. vapours which 
are firſt condenſed, and then congealed, in the 
atmoſphere, and which afterwards fall upon the 
earth in the form of ſnow ; and by that ſtill larger 


quantity which is given 7 by the water in the rivers 


and lakes, and in the ground upon its being frozen. 
But in very cold countries, the ground is frozen 
and covered with ſnow, and all the lakes and rivers 
are frozen over in the very beginning of winter, 
The cold then firſt begins to be extreme, and there 
appears to be no ſource of Heat left, which is ſuf- 
ficient to moderate it in any ſenſible degree. 

Let us fee what muſt have happened if things 
had been left to what might be called their natural 
. courſe ;—if the condenſation of water on being 
deprived of its Heat had followed the law which 
we find obtains in other fluids, and even in water 
itſelf in ſome caſes, namely, when it is mixed 
with certain bodies. 

Had not Providence interfered on this occaſion 
in a manner which may well be conſidered as mi- 
raculous,—all the freſh water within the polar 
circle muſt inevitably have been frozen to a very 
great depth in one winter, and every plant and 
tree deſtroyed ; and it is more than probable that 
the regions of eternal froſt would have ſpread on 
every {ide from the poles, and, advancing towards 
the equator, would have extended its dreary and ſoli- 
tary reign over a great part of what are now the moſt 
fertile and moſt inhabited climates of the world ! 
In latitudes where now the return of ſpring is 


hailed by the voice of gladneſs,—where the earth 
| decks 


* 
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decks” herſelf 3 in her gayeſt attire; and millions of 
living beings pour forth their Logs of joy and 
gladneſs, nothing would have been heard but the 
whiſtling of the rude winds,—and nothing ſeen 
but ice and ſnow, and flying elouds charged _ 
wintry tempeſts. 

Let us, with becoming diffidence and awe, en- 
deavour to fee what the means are which have 
been employed by an oY and benevolent 
God to protect his fair creation. 

As nouriſhment and life are conveyed. to al 
living creatures through the medium of water; 
liquid, —living water; — to preſerve life, it was 
abſolutely neceſſary to preſerve a great quantity of 
water in a fluid ſtate, in winter as well as in 
ſummer. 

But in cold climates the temperature of the 

atmoſphere, during many months in the year, is ſo 
much below the freezing point, that, „ had not mea- 
ſures been taken to prevent ſo fatal an accident, all 
the water muſt inevitably have been changed to ice, 
which would infallibly have cauſed the deſtruction 
of every living thing. 
Extraordinary meaſures were therefore neceſſary 
tor preſerving in a liquid ſtate as much of the water 
exiſting in thoſe climates as is indiſpenſably neceſſary 
tor the preſervation of vegetable and animal life; and 
this could only be done by contriving matters ſo as 
to prevent this water from parting with its Heat to 
the cold atmoſphere, 

It has been ſhown,—1I believe I may venture to 
lay proved,—in the moſt ſatisfactory manner, — 

that 
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that liquids part with their Heat onLy in con, 
ſequence of their internal motions ;—and that 
the more rapid theſe motions are, the more rapid 
is the communication of the Heat; —that theſe 
motions are produced by the change in the 
ſpecific gravity of the liquid, occaſioned by the 
change of temperature,—and of courſe that they 
are more rapid, as the ſpecific gravity of the 
liquid is the more changed by any given change 
of temperature. . 
But it has been ſhown that the change | in the 
ſpecific gravity of water is extremely ſmall, which 
takes place in any given change of temperature, 
below the mean temperature of the atmoſphere ; and 
particularly when the temperature of the water is 
very near the freezing point; and hence it follows, 
that water muſt give off its Heat very ſlowly when 
it is near freezing. 
But this is not all. There is a ſtill more extra- 
ordinary, and in its conſequences more wonderful, 
circumſtance which remains to be noticed. When 
water is cooled to within eight or nine degrees of 
the freezing point, it not only ceaſes to be farther 
condenſed, but is actually expanded by farther 
diminutions of its Heat; and this expanſion goes 
on as the Heat is diminiſhed, as Jong as the water 
can be kept ſfuid; and when it is changed to ice, 
it expands even ful more, and the ice floats on the 
ſurface of the uncongealed part of the Fluid. 

Let us ſee how very powerfully this wonderful 
contrivance tends to retard the cooling of water 
when it is expoſed in a cold atmoſphere. ” 
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It is well known that there is no communication 
of Heat between two bodies as long as they are 
both at the ſame temperature; and it is likewiſe 
known that the tendency of Heat to paſs from a 
hot body into one which is colder, with which it is 
in contact, is greater, as the difference is greater in 
the temperatures of the two bodies. 

Suppoſe now that a mafs of very cold air repoſes 
on the quiet ſurface of a large lake of freſh water, 
at the temperature of 55 of Fahrenheit's ther- 
mometer. The particles of water at the ſurface, 
on giving off a part of their Heat to the cold air 
with which they are in contact, and in conſequence 
of this loſs of Heat becoming ſpecifically heavier 
than thoſe hotter particles on which they repoſe, 
muſt of courſe deſcend. This deſcent of the parti- 
cles which have been cooled neceſſarily forces other 
| hotter particles to the ſurface, and theſe being 
cooled in their turns bend their courſe downwards ; 
and the whole maſs of water is put into motion, 
and continues in motion as long as the proceſs of 
cooling goes on. 

Before I proceed to trace this operation through 
all its various ſtages, I muſt endeavour to remove 
an objection which may perhaps be made to my 
explanation of this Phænomenon. As I have ſup- 
poſed the maſs of air which reſts on the ſurface of 
the water to be very cold, and as I have taken it 
or granted that there is no communication what- 
ever of Heat between the particles of water in 
contact with this very cold air, and the neighbour- 
ing warmer particles of water, it may be aſked, 
how 
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. how it happens that theſe particles at the ſurface are 
not ſo much cooled as to be immediately changeq 
to ice? To this I anſwer, that there are two cauſes 
which conſpire to prevent the immediate formation 
of ice at the ſurface of the water: Fiu, the ſpe. 
cific gravity of the particle of water at the ſurface 
being increaſed at the ſame moment when it parts 
with Heat, it begins to deſcend as ſoon as it begins 
to be cooled; and before the air has had time to 
rob it of all its Heat, it eſcapes and gets out of its 
reach: And ſecondly, air being a bad conduQtor of 
Heat, it cannot receive and tranſmit or tran/port it 
with ſufficient celerity to cool the ſurface of water 
fo ſuddenly as to embarraſs the motions of the 
particles of that liquid in the operation of giving 
it off. 
But to return to our lake: As ſoon as the water 
5 

in cooling has arrived at the temperature of about 
40, as at that temperature it ceaſes to be farther 
condenſed, its internal motion ceaſes, and thoſe of 
its particles which happen to be at its ſurface remain 
there ; and after being cooled down to the freezing 
point, they give off their latent Heat, and ice begins 
to be formed. 

As ſoon as the ſurface of the water is covered with 
ice, the communication of Heat from the water 
to the atmoſphere is rendered extremely flow and | 
difficult; for ice being a bad conductor of Heat forms 
a very warm covering to the water, - and morc- | 
over it prevents the water from being agitated by the 
wind. Farther, as the temperature of the ice I 


its lower ſurface i 18 always very nearly the ſame 3s | 
that 
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that of the particles of liquid water with which it is 
in contact, (the warmer particles of this Fluid, in 
conſequence of their greater ſpecific gravity, taking 
their places below,) the communication of Heat 
between the water and the ice is neceſſarily very 
ſlow on that account. 
As ſoon as the upper ſurface of the ice is covered 
with ſnow, (which commonly happens ſoon after 
the ice is formed) this is an additional and very 
powerful obſtacle to prevent the eſcape of the Heat 
out of the water ; and though the moſt intenſe 
cold may reign in the atmoſphere, the increaſe of 
the thickneſs of the ice will be very flow. 

During this time, the maſs of water which re- 
mains unfrozen will loſe no part of its Heat; on 
the contrary, it will continually be receiving Heat 
from the ground. This Heat, which is aceumu- 
lated in the earth during the ſummer, will not only 
ſerve, in ſome meaſure, to replace that which is 
communicated to the atmoſphere through the ice, 
and prevent its being furniſhed at the expence of 
the latent Heat of the water in contact with its 
ſurface, but when the temperature of the air is not 
much below that of freezing, this ſupply of Heat 
from below will be quite ſufficient to replace that 
which the air carries off; and the thickneſs of 1 5 
ice will not increaſe. 

Whenever the temperature of the air is not 
- WH Sivally colder than freezing water, the Heat which 
nles from the bottom of the lake will be all em- 
ployed in melting the ice at its under ſurſace, and 


Uminiſhing i its thickneſs. 
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| very thick, and eſpecially when its upper ſurface is 
covered- with deep ſnow, that the melting of the 


bottom, this communication of the Heat which 


the water is much agitated, ice is not formed, 


have ſo conſiderable a quantity of ſenſible Heat 
(eight or ten degrees) to diſpoſe of, after their 


into which the water is thrown by the wind does 


It will indeed frequently happen, when the ice is 


ice at its under ſurface will be going on, when the 
temperature of the atmoſphere 1 is conſiderably be- 
2 the freezing point. 

As the particles of water which, receiving Heat 
e the ground at the bottom of the lake, acquire 
a higher temperature than that of 40%, and being 
expanded, and becoming ſpecifically lighter by this 
additional Heat, riſe up to the upper ſurface of the 
fluid water, and give off their ſenfible Heat to the 
under ſurface of the ice, never return to the 


exhales from the earth produces very little motion 
in the maſs of the water ; and this circumſtance is, 
no doubt, very favourable to the preſervation of the 
Heat of the water, | 

When a ſtrong wind preyails, and the ſurface of 


even though the whole maſs of water ſhould, by 2 
long continuance of- cold weather, have been pre- 
viouſly cooled down to that point to which it is 
neceſſary that it ſhould be brought, in order that 
its internal motions may ceaſe, and it may be dif- 
poſed to. congeal ; for though the particles at and 
near the ſurface may no longer have any tendency 
to deſcend, on being farther cooled, yet, as they 


condenſation with cold ceaſes, and as the agitation 


not 
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got permit any particle to remain long enough in 

contact with the cold air to give off all its Heat at 

once, there is a continual ſucceſſion of freſh parti- 

cles at the ſurface, all of which give off Heat 

to the air; but none of them have time to be 

cooled ſufficiently to be diſpoſed to form ice. The 
vater will loſe a vaſt quantity of Heat, and as ſoon 
da the wind ceaſes, if the cold ſhould continue, ice 
will be formed very rapidly. 

But it is not merely the agitation of the water 
which renders the communication of the Heat v 
rapid, the agitation of the wind alſo tends to pro- 
duce the ſame effect. 

On the return of ſpring, the ſnow melting bez 
fore the ſun as he advances -and his rays become 
more powerful, all the Heat which the earth 
exhales is employed in diffolving the ice at its 
under ſurface, while the ſun on the other ſide 
acts ſtill more powerfully to produce the lame 

effect. 

Though ice is cranſparent, yet it is not perfectly 
{; and as the light which is ſtopped in its paſſage 
through it cannot fail to generate Heat when and 
where it is ſtopped, or abſorbed, it is by no means 
ſurpriſing that ſnow ſhould be found to melt when 
expoſed in the ſun's rays, even when the tempera- 
ture of the air in the ſhade is conſiderably below 
ne point of freezing. Snow expoſed to the ſun 
nelts long before the even ſurface of ice begins to 
* ſenſibly ſoftened by its beams, and it is not till 
1 ſome 
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ſome time after all the hills are bare that the ice 
on the lakes and rivers breaks up. 

The rays which penetrate a bank of fnow being 
often reflected and refracted, deſcend deep into it, 
and the Heat is depoſited in a place where 1 it is not 
expoſed to be carried off by the cold air of the at- 
moſphere ; but the rays which fall upon the hori- 
zontal and ſmooth ſurface of ice, are moſtly re. 
flected upwards into the atmoſphere; and if any 
- part of them are ſtopped at the ſurface of the ice, 
the Heat generated by them there is inſtantane- 
ouſly carried off by the cold air, and a particle of 
water is no ſooner made fluid than it is again 
frozen. 

Hence we ſee that the ſnow which in cold 
countries covers the ice that is formed on the ſur- 
face of freſh water, not only prevents the Heat of | 
the water from. being carried off by the air, during | 
the winter, but alſo aſliſts very powertully i in thaw- 
ing the ice early in the ſpring. 

Should the waters of a lake be ſo deep, or ſo 
| imperſeQly tranſparent as to intercept a great pro- 
portion of rays of the ſun before they reach the 
bottom, in that caſe, the temperature of the water | 
at the bottom of the lake will be nearly the ſame all | 
15 year round ; and in countries where there 1s any | 
froſt in winter, and particularly in thoſe lakes Wi «; 
which lie near high mountains, and are fed by x 
torrents which proceed from Glaciers, and melting 


ſnow, this con/fant temperature at the bottom c 
5 never 
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never be much above or below 41* F. whatever 
may be the heat to which the ſurface of the lake 
is expoſed in ſummer, or however long and in- 
tenſely hot the ſummer may be *. 

Let us now ſee what the conſequences would 
have been, had the condenſation of water with cold 
followed the law which obtains in regard to all 
other Fluids. 

As the internal motion of the water could not 
have failed to continue as long as its ſpecific gravity 
continued to be increaſed by parting with Heat, 
ice would not have begun to be formed till the 
whole maſs of water had arrived at the tempera 
ture of 32 of Fahrenheit's thermometer. 


To 


* In a letter from Profeſſor Pic r Er of Geneva to the Author, of 
the 7th July 1797, accompanying the 36th number of the B1BL10- 
| THEQUE BRITANNIQUE,(in which an account, or rather tranſlation, 
of the firſt Edition of this Eſſay is publiſhed in the French language,) 
there is the following paragraph. 

« I took the liberty to throw in, as uſual,” (in the tranſlation) 


« tention, It points out the near coincidence of the mean tempera. 
ture of the bottom, obſerved in ten different lakes, by M. de Sauſſure 

*and myſelf, viz. 43*R. Pa{equal to 4129 F.) © with the tempera- 
© ture where the minimum of volume, or maximum of denfity of water 
„takes place, We vainly ſtrove to this day to explain the uni- 
" formity we obſerved in that particular in ſeveral lakes very: differ- 
*ently ſituated, in many reſpects, but your reflections ſeem to me 
fully to reſolve the problem.“ 


The following is the note in the Bibiiorb3que Britannique, alluded to 
by Profeſſor PiCTEF, i in the foregoing paragraph ot his letter. | 
Ce n'eſt pas ſeulement dans le lac de Geneve que M. de Sauſſure, 
" notre ſavant ami, a fait les exptriences curicules qui ſont ict rap- 
"Pellees, et & quelques- unes des quelles nous avons eu le plaiſir 
claſſiſter: i! les a répétées dans la Méditerranée, et dans dix 
"lacs qui bordent de part et d'autre la chaine des Alpes. Nous 
| R 3 6 tirons 


ſome occaſional notes; one of which will, I hope, deſerve your at- D 


* 
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Jo ſee what an enormous quantity of Heat would 
he loſt when the water is deep in conſequence of 
its whole maſs being cooled in this manner, we 
have only to compute how much ice this Heat 
would melt, or how much water it would heat 

from the point of freezing to that of boiling. 
| It has been ſhown by experiment, that any given 
quantity of ice requires as much Heat to melt it as 
an qual quantity of fluid water loſes in cooling 


66. tirons de ſon grand ouvrage "B 5 montagnes les temperatures 
ae obſervees au fondde ces lacs comme ſuit z 


f e en 3 . aig 
« Lac de Geneve - 950 = 4.3 
«« de Neuchatel ; - - we” . 
ce de Bienne — 217 - 5.5 
« du Bourget — 40 „ © I 
c d' Annecy - 263 8 4.5 
TERM -_..- 350 2-0 
«de Brientz: | - 5 2 
« de Lucerne - 600 — 3.9 
c de Conſtance - go | 18 


« Lac Majeur «= ST. * wh 


«© Temperature moyenne du fond de dix lacs - 4. 34, 0U45*R,” 


4 II neſt peutetre aucun de nos lecteurs qui, plein des idées que 
« notre auteur vient de diſcuter, ne ſoit frappẽ de la coincidence entie 
ie cette temperature du fond des Jacs dans nos latitudes moyennes et 
c celle i laquelle l'eau atteint ſon minimum de volume ou maximum de | 
46 denſité! La permanence de cette temperature, et ſon identitẽ dans 
40 des lacs d'ailleurs tres- diverſement ſituẽs, paroiſſent intimément 
« lies avec cette circonſtince du minimum de volume. Mais ce 
«© weſt pas ici le lieu de donner cours aux idces que peut ſuggerer ce 
c rapprochement ; nous Findiguons à Fauteur comme un objet digne 


ti de ſes meditations.” 
The Author of this Effay feels himſelf very much obliged to his | 


ingenious and reſpectable friend, Profeſſor Picrzr, for theſe inte. 
n obſervations. | 
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140 degrees; conſequently the quantity of ite 
which might be melted by the Heat given off by 
any given quantity of water in cooling any given 


number of degrees, is to the given quantity of 


water, as the number of degrees which it is cooled, 


to 140 degrees. 


Hence it follows that when the temperature of 


the water is 8 degrees above the freezing point, it 


gives off in cooling down to that temperature as 
much Heat as would melt e or ; of its weight 
of ice; the water, therefore, which is cooled from 


the temperature of 40" to that of 327, if it be 35 


feet deep, will give off as much Heat in being ſo 


cooled as would melt a covering of ice 2 feet 


thick. 5 | 
But this even is not all ; for as the particles of 


- water on being cooled at the ſurface would, in con- 


ſequence of the increaſe of their ſpecific gravity 
on parting with a portion of their Heat, immedi- 


| ately deſcend to the bottom, the greateſt part of 


the Heat accumulated during the ſummer in the 
earth on which the water repoſes would be carried 


off and loſt, before the water began to freeze; and 


when ice was once formed, its thickneſs would 


| Increaſe with great rapidity, and would continue 


increaſing during the whole winter; and it ſeems 
very probable that, in climates which are now tem- 
perate, the water in the large lakes would be frozen 
to ſuch a depth in the courſe. of a ſevere winter 
that the Heat of the enſuing ſummer would not be 


lufficient to thaw them; and ſhould this once hap- 


ben, the following winter could hardly fail to 
* — 


[ 
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| the -whole maſs of its waters to one li 
— of ice, which never more could recover its 
liquid form, but muſt remain immovable till the 
end of time. 

In the month of W eſto: a fro which 
had laſted a month, the temperature of the air being 
38% M. DE SaussURE found the temperature of 
the water of the Lake of Geneva, at the ſurface, at 
41 —and at the depth of 1000 feet, at 40, 
Had the froſt continued but a little longer, ice 
would have been formed; but had the conſtitu. 
tion of water been ſuch that the whole maſs of 
that Fluid in the Lake muſt have been cooled down 
to the temperature of 32* before ice could have 
been formed, this event could not have happened 
till the water had given off as much Heat as would 
be ſufficient to melt a covering of ice above 57 feet 
thick !— 

This quantity of Heat would be ſufficient to hem, 
to the point of boiling, a quantity of ice-cold water 
a8 s large as the Lake, and 49 feet deep. 

We cannot ſufficiently admire the ſimplicity of 
the contrivance by which all this Heat is ſaved. It 
well deſerves to be compared with that by which 
the ſeaſons are produced; and I muſt think that 
every candid enquirer, who will begin by diveſting 
himſelf of all unreaſonable prejudices, will agree 
with me in attributing them both To THE SAME 
AUTHOR. 

When we trace {till farther the aſtoniſhin g effects 
which are produced in the world by the operations 


of that ſimple law which has been found to obtain 
| in 


_—_ 
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in the condenſation of water on its being deprived 
of Heat, we ſhall find more and more reaſon to 
admire the wiſdom of the contrivance. 

That high latitudes might be habitable, it was 
neceflary that vegetables ſhould be protected from 
the effects of the chilling froſts of a long and 
ſevere winter : but 1f it be true that watery liquids 
do not part with their Heat but in conſequence of 
their internal motions ; and if theſe motions are 
occaſioned merely by the change produced in the 
ſpecific gravity of thoſe particles of the liquid which 
receive Heat, or which part with it, who does not 
ſee how very powerfully the ſudden diminution 
and final ceſſation of the condenſation of water in 
cooling, as ſoon as its temperature approaches to 
the freezing point, operates to prevent the ſap in 
vegetables from being frozen? 

But if, for the purpoſes of life and vegetation, 
it be neceſſary that the ground, the rivers, the 
lakes, and the trees be defended from the cold 
winds from the poles, it may be aſked how this 
innundation of cold air is to be warmed ?—I an- 
ſwer by the waters of the ocean, which there is 
the greateſt reaſon to think were not only deſigned 
principally for that mo but particularly * 
for it. 

Sea water contains a large proportion of ſalt 
in ſolution; and we have ſeen that the condenſation 
of a ſaline folution, on its being cooled, follows a 
w which is extremely different from that obſerved 
in regard to pure water; and which (as may eaſily 
be hown) renders. it peculiarly well adapted for 

commu- 
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communicating Heat to the cold winds which blow 
over its ſurface. | 
As ſea water continues to be condenſed as it 
goes on to cool, even after it has paſſed the point 
at which freſh water freezes, the particles at the 
ſurface, inſtead of remaining there after the maſs 
of the water had been cooled to about 40*, and pre- 
venting the other warmer particles below from com. 
ing in their turns and giving off their Heat to the cold 
air, (as we have ſeen always happens when freſh or 
pure water is ſo cooled,) theſe cooled particles of 
ſalt water deſcend as ſoon as they have parted with | 
their Heat, and in moving downward force other 
warmer particles to move upwards ; and in con- 
ſequence of this continual ſucceſſion of warm par: 
ticles which come to the ſurface of the ſea, a vaſt 
deal of Heat is communicated to the air ;—incom- 
parably more than could poſſibly be communicated 
to it by an equal quantity of freſh water at the 
fame temperature, as will appear by the following 
computation. 
Without taking into the account that very great 
advantage which ſea water poſſeſſes over freſh | 
water, conſidered as an equalizer of the tempera- 
ture of the atmoſphere, which ariſes from the com- 
parative lowne/5 of the point of its congelation ; ſup- 
poſing even fea water to freeze at as — a tem- 
perature as freſh water, namely, at 320; and ſup- 
poſing (what is ſtrictly true) that as ſoon as either 
ſea water or freſh water is frozen at its ſurface, 
and this ice covered with ſnow, the communica- 


tion of Heat from the water to the atmoſphere 
ceaſes 


— 2 Py : 


— 
3 


4 7 
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ceaſes almoſt entirely ;—we will endeavour to de- 
termine how much more Heat would, even on this 
ſuppoſition, be communicated to the air by falt 
water than by freſh water, after both have arrived 
at the temperature of 409. 

When freſh water, in cooling, has arrived at this 
temperature, it ceaſes to be farther condenſed with 


cold, and its internal motions (which, as we have 


already more than once obſerved, are cauſed ſolely 
by the changes produced in the ſpecific gravity of its 
particles) ceaſe of courſe, and ice immediately begins 
to be formed on its ſurface ; but as the condenſation 
of ſalt water goes on as its Heat goes on to be di- 
miniſhed, its internal motions will continue; and 
it is evidently impoſſible for ice to be formed at 
its ſurface till the whole maſs of the water has be- 
come ice-cold, or till its temperature is brought 
down to 32% It would therefore give off a quan- 
| tity of Heat equal to 8 degrees, at leaſt, of Fahren- 
heit's thermometer, more than the freſh water would 
part with before ice could be formed on its ſur- 
face. 
To be able to form an idea of this enormous 
quantity of Heat, we have only to recollect what 
has already been ſaid, and we ſhall find reaſon to 
conclude that it would be ſufficient to melt a cover- 
ing of ice equal in thickneſs to , of the depth of 
the ſea. —It would therefore be ſufficient in that 
part of the North Sea (lat. 67*) where Lord Mul- 
grave ſounded at the depth of 4680 feet, to melt a 

cake of ice 265 feet thick 
But 
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But the Heat evolved in the formation of each 
ſuperficial foot of ice would be ſufficient to raiſe thße 
temperature of a ſtratum of incumbent air 2220 
times as thick as the ice, (conſequently in the caſe 
in queſtion 2652220 feet, or 869 miles thick,) 
28 degrees, or from the temperature of freezing 
water, to that of 50 of Fahrenheit's thermometer, 
or to the mean annual . of the northern 
parts of Germany! 

The Heat given off to the air by each ſuperficial 
foot of water in cooling one degree is ſufficient to 
heat an incumbent ſtratum of air 44 times as thick 
as the depth of the water, 10 degrees. Hence we 
fee how very powerfully the water of the ocean, 
which is never frozen over, except in very high 
latitudes, muſt contribute to warm the cold air 
which flows in from the polar regions. 

But the ocean is not more uſeful in moderating 
the extreme cold of the polar regions, than it is in 
tempering the exceflive heats of the torrid zone ;— 
and what 1s very remarkable, the fitneſs of the * 
water to ſerve this laſt important purpoſe is owing 
to the very ſame cauſe which renders it ſo pecu- 
larly well adapted for communicating Heat to the 
cold atmoſphere in high Jatitudes, namely, 7o the 
falt which it holds in ſolution. 

As the condenſation of ſalt water with cold con · 
tinues to go on even long after it has been cooled to 
the temperature at which freſh water freezes, thoſe 
particles at the ſurface which are cooled by an im- 
mediate contact with the cold winds — 

an 
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and take their places at the bottom of the ſea, 
where they muſt remain, till, by acquiring an ad- 
ditional quantity of Heat, their ſpecific gravity is 
again diminiſhed. But this Heat they never can re- 


gain in the polar regions; for innumerable experi- 


ments have proved, beyond all poflibility of doubt, 
that there is no principle of Heat in the interior parts 
of the globe, which, by exhaling through the bottom 
of the ocean, could communicate Heat to the water 
which reſts upon it. 

It has been found that the temperature of the 
earth at great depth under the ſurface is different 


in different latitudes, and there is no doubt but 


this is alſo the caſe with reſpect to the temperature 
at the bottom of the ſea, in as far as it is not influ- 
enced by the currents which flow over it; and this 
proves to a demonſtration that the Heat which we 
find to exiſt, without any ſenſible change during 
ſummer and winter, at great depths, is owing to 
the action of the ſun, and not to central fires, as 
lome have too haſtily concluded. 

But if the water of the ocean, which, on being 
deprived of a great part of its Heat by cold winds, 
deſcends to the bottom of the ſea, cannot be 
warmed where it deſcends, as its ſpecific gravity is 
greater than that of water at the fame depth in 
warmer latitudes, it will immediately begin to 
pread on the bottom of the ſea, and to flow to- 
wards the equator, and this muſt neceſſarily pro- 
duce a current at the ſurface in an oppoſite direc- 


tion; and there are the moſt indubitable proofs of | 


the exiſtence of both theſe currents. 
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The proof of the exiſtence of one of them 
would indeed have been quite ſufficient to haye 
proved the exiſtence of both, for one of them 
could not poſſibly exiſt without the other; but 


there are ſeveral direct proofs. of the exiſtence of. - 


each of them. 


What has been called the gulph 8 in the 


| Atlantic Ocean, is no other than one of theſe cur. 
rents, that at the ſurface, which moves from the 
equator towards the north pole, modified by the 


trade winds and by the form of the continent of 


North America; and the progreſs of the lower 
current may be conſidered as proved directly by the 
cold which has been found to exiſt in the fea at 
great depths in warm latitudes ;—a degree of tem- 


perature much below the mean annual temperature 


of the earth in the latitudes where it has been 


found, and which of courſe muſt have been brought | 


from colder latitudes. 

The mean annual temperature in the latitude of 
67* has been determined by Mr. KI RwN, in his 
excellent treatiſe on the temperature of different 


latitudes, to be 39“; but Lord Mulgrave found on 


the 2oth of June, when the temperature of 
the air was 48z*, that the temperature of the 
ſea at the depth of 4680 feet was 6 degrees 


below freezing, or 26* of Fahrenheit's thermo- 


meter. 
On the 31ſt of Auguſt, in 5 latitude of * | 


where the annual temperature is about 38“, the 
temperature of the ſea at the depth of 4038 feet | 


was 32*; the temperature of the atmoſphere (and: 
| probably 


40 ——— — — PW 2 


3 
2 
Pg 


robebly that of the water at the ſurface of the fea) 
being at the ſame time at . 

But a ſtill more ſtriking, and J might, I 8 
ſay an incontrovertible proof of the exiſtence of 
currents of cold water at the bottom of the ſea, 
ſetting from the poles towards the equator, is the 
very remarkable difference that has been found 
to ſubſiſt between the temperature of the ſea at. 
the ſurface and at great depth, at the tropic,— 
| though the temperature of the atmoſphere there is 
ſo conſtant that ' the greateſt changes produced in 
it by the ſeaſons ſeldom amounts to more than five 
or ſix degrees ; yet the difference between the Heat 
of the water at the ſurface of the ſea, and that at 
the depth of 3600 feet, has been found to amount 
to no leſs than 31 degrees; the temperature above 
or at the ſurface being 84”, and at the given depth 
below no more than 53**. 


It appears to me to be kh difficult, if not 


quite impoſſible, to account for this degree of cold 
at the bottom of the ſea in the torrid zone, on any 
other ſuppoſition than that of cold currents from 
the poles ; and the utility of theſe currents in tem- 
pering the exceſſive heats of thoſe climates is too 
endent to require any illuſtration. 

Theſe currents are produced, as we have already 
ſeen, in conſequence of the difference in the ſpeci- 


fie gravity of the ſea water at different tempera- 


tures; their velocities muſt therefore be in pro- 
portion to the change produced in the ſpecific gra- 
4 * Phil, Tranſactions, 1752. 
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vity of water by any given change of temperature; 
and hence we ſee how much greater they muſt be 
in falt water than they could poſſibly have been had 
the ocean been compoſed of freſh water. 

It is not a little remarkable that the water of 
all great lakes is freſh, and nearly ſo in all inland 
ſeas (like the Baltic) in cold climates, and which 
communicate with the ocean by narrow channels. 
We ſhall find reaſon to conclude that this did not 
happen without deſign, when we conſider what 
conſequences would probably enſue ſhould the 
waters of a large lake in an inland fituation, in a 
cold country, (ſuch as the lake Superior, for in- 
ſtance, in North America,) become as ſalt as the 
ſea. 

Though the cold winds which blow over the lake 
in the beginning of winter would be more warmed, | 
and the temperature of the air on the ſide of the lake | 
oppoſite to the quarter from whence theſe winds 
arrive, would be rendered ſomewhat milder than 
It now is; yet, as the water of the lake would give 
off an immenſe quantity of Heat before a covering 
of ice could be formed on its ſurface for its pro- 
tection, it would, on the return of ſpring, be found 
to be extremely cold and as it would require a long 
time to regain from the influence of the returning 
ſun the enormous quantity of Heat loſt during the 
winter, it would remain very cold during the 
ſpring, and probably during the greateſt part of 
the ſummer ;, and this could not fail to chill the 
atmoſphere, and check vegetation in the ſurgound- 


ing country to a very conſiderable diſtance. And 
though 


7 | 


* 


though a large lake of ſalt water in a cold country 
would tend to render the winter ſomeꝛohat milder 


on one ſide of it, namely, on the ſide oppoſite to 


the quarter from whence the cold winds came; 
yet this advantage would not only be confined to a 
| ſmall tract of country, but would not any where be 
very important, and would by no means counter- 
balance the extenſive and fatal conſequences which 
would be produced in ſummer by ſo large a col- 
lection of very cold water. 
When the winter is once fairly ſet in, —when the 
earth is well covered with ſnow, and the rivers and 


lakes with ice, and more eſpecially when the ice 


as well as the land is covered with that warm 
winter garment, a few degrees more of cold in the 
ar cannot produce any laſting bad conſequences. 
It may oblige the inhabitants to uſe additional pre- 
cautions to guard themſelves, their domeſtic ani- 
mals, and their proviſions, from the uncommon ſe- 
verity of the weather; but it can have very little 
influence in the temperature of the enſuing ſum- 
mer; and even it is probable, if it influences it at 
all, that it tends rather to make it warmer than 
colder. Lakes of ſalt water could therefore be of 
no real uſe in winter in cold countries, and in ſum- 
mer they could not fail to be very hurtful; while 
freſn lakes, as they are frozen over almoſt as ſoon 
% the winter ſets in, and long before the whole 
maſs of their water is cooled down to the tem- 
perature of freezing, preſerve the greater part of 


their Heat through the winter, and if they are of 
VOL, II. 'Y 
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no uſe during the cold ſeaſon, they probably do 
little or no harm in ſummer. 
But I muſt take care not to tire my reader by 
: purſuing theſe ſpeculations too far. If I have per. 
ſiſted in them,—if I have dwelt on them with pe- 
culiar ſatisfaction and complacency,—it is becauſe I 
think them uncommonly intereſting,—and alſo be- 
| cauſe I conceived that they might be of real uſe in 
this age of refnement and Seepticiſm, 
If, among barbarous nations, the fear of « 

God, and the practice of religious duties, tend to 
ſoften ſavage diſpoſitions, and to prepare the mind 
for all thoſe ſweet enjoyments which reſult from 
peace, order, induſtry, and friendly intercourſe,.— 
a belief in the exiſtence of a Supreme Intelligence, who 
rules and governs the univerſe with wiſdom and 
goodneſs, is not leſs eſſential to the happineſs of 
thoſe who, by cultivating their mental powers, 
HAVE LEARNED TO KNOW HOW LITTLE CAN BE 
KN OWN: - 
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DESCRIPTION OF THE PLATES. 


= -. PLATE I. 


Ts Plate repreſents the ehe Ne 
Thermometer uſed in the Experiments, on the 
conducting power of liquids with regard to Heat. 

Fig. 1. a, 6, is a ſection of the braſs tube in 
which the Thermometer 6 with an oblong copper 
bulb, is placed. 

e, / is the glaſs tube of the crc; which, 
tor want of room in the 119 5 is repreſented as 
broken off at /. | | 

2, is a {topple of cork by which the end of the 
braſs tube, a, b, is cloſed; and © 

h, is a circular diſk of the ſame ſubſtance. 

The ſpace in the braſs tube below this diſk B, ſur- 
rounding the bulb of the Thermometer, was occu- 
ſied by the liquid whoſe conducting power "was 

determined. The ſpace between the diſk and the 
cork-ſtopper g, was filled with eider-down. 

Between the inſide of the braſs tube and the 
lower part of the bulb of the Thermometer are 
ken the wooden pins which ſerved to confine the 
Thermometer in its place. 

Fig. 2. This is an horizontal ſection of the braſs 


tube, and a bird's-eye view of the Thermometer i in 
place, | 
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PLATE 


I | | g 5 | — 


3 | ; 21 5 312 | Deſcription of the Plates. 


| PLAT E II. 
| | he. 3. This n ſhows the manner in which 
# the Experiments were made, in which a cake of ice 
at the bottom of a tall glaſs jar was thawed by hot 

E | water ſtanding on its ſurface. | 

J |: - a, is an earthen bow] filled with pounded ice 

: and water, in which the glaſs jar, ö, was placed. 
3 c, d, is the level of the upper ſurface of the ice 

1 | in the j jar. 

= e, f, is the level of the ſurface of the water 

3 \ , Randing on the ice in the jar. 


| END QF PART 1. OF ESSAY V11. 
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PART II. 


An Account of ſeveral New EXPERIMENTS, .. 
with occaſional Remarks and Obſervations, 
and CoNJECTUREs reſpeQting Chemical 
Affinity, and Solution; and the mechanical 
Frigelple of Animal Life, 


CHAP. I. 


Accor UNT 7 of a ; Circumſtance of a private Nature, by 
which the Author has been induced to add this and 
the following Chapters to the Second Edition of this 

Eſay.— Experimental Inveſtigation of the Subject 
continued. Oil. found b. y Experiment to be a Non- 
conductor of Fs Mae RY 7s likewiſe a Notts 
conductor. Probability that all FLulps are Not- 

corxbucroks, and that this Property is ESSEN» 

TIAL To FLvuipiTy.—The Knowledge of that 
Fa may be of great Uſe in enabling us to form 
more juſt Ideas with regard to the Nature of thoſe 


mechanical Operations which take place in chemical 
VOL, II. e +... Solutions. 


ee 


— 


CONTENTS of 


Solutions and Combinations ; 2. in the Proceſs of 
Vegetation; and in the various Changes effefted by 
the Powers of Life in the Animal Economy.— 
Rapidity of Solution no Proof of the Exiſtence of an 
Attraction of Affnity.—Strata of freſh Water and 
of ſalt Water may be made to repoſe on each other in 
actual! Contact without mixing. Probability that 
the Water at the Bottom of freſh Lakes, that are 
very deep, may be FT folk - Page 311 


CHAP. Il. 


Maier made to con meal at its under Surface. —O0b. 


Jervation reſpecting the Formation of Ice at the © 
Bottoms of Rivers.—Reaſons for concludiug that 
Heat can never be equally diſtributed in any 
Fluid. — Perpetual Motions occaſioned in Fluids by 
the unequal Diſtribution of Heat. —An inconceiv- 
ably rapid Succeſſion of Collifions among the in- 
tegrant Particles of Fluids is occaſioned by the in- 
ternal: Motions into which Fluids are thrown in the 
| Propagation of Heat. — An Attempt to eftimate the 
Namber of thoſe Collifions which take place in a 
given Time.—Theſe Inveſtigations will greatly 
change our Ideas reſpectin g the real State of Fluids 
apparently at reſt. —FLuuiiry may be called the 
Lirg or INANIMATE BoDlts.— Conjectures reſ- 
petting the ViTAL PRINCIPLE in Living Animals ; 
and the Nature of Phyfical STIMULATION. 332 


CHAP. III. 


Probability that intenſe Heat 3 exiſts in the 
olitary Particles of gas which neither the 
| Feeling 


PART II. of ESSAY VI. 
Feeling nor the Thermometer can detect. — The Eva- 
poration of Ice during the ſevereſt Froft explained 


on that Suppoſition.——Probability that the Metals 
ak evaporate when expoſed to the Action of the 


Mercury is actually found to evaporate under 
act is a ſtriking Prof that FLum Mercury 


Heat generated by the Rays of Light is alrbayt 
the ſame in Intenſity ; and that thoſe Effefts-which 
have been attributed to Light ought perhaps in 


generated by them A Rtriking Proof that the 
moſt intenſe Heat does ſometimes exiſt where we 


by the Heat which exiſts in the Air of the Atmo- 
ſphere, where there is no Appearance of Hire, or 
of any Thing red-hot. We ought to be cautious 
in attributing to the Action of unknown Powers, 


Heat.—The mast intenſe Heat may exiſt without 


it This important Fatt illuſtrated by the neceſſary 
Reſult an imaginary Experiment. Page 345 


CHAP. IV. 


4 n Account of a Variety of Mi wn Experi- 
nents.— Thermometers with cylindrical Bulbs may 
be uſed to ſhow that Liquids are Non-conductors of 


Sun's Rays were'they not good Condufors of Heat. 
the mean temperature of the A tmoſphere.—This 


is a Non- conductor of Heat. — Probability that the 


all Caſes to be aſcribed to the Action of the Heat 


ſhould not expect to find it.—Gold actually melted 


Effects ſimilar to thoſe produced by the Agency of 


leaving any viſible Traces of its Exiſtence behind 


Heat.—Ice-cold Water may be heated and made to 


boil * on Ice. —Remarkable Appearances at. 
tendin 8 
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tending the thawing of Ice, and the melting of Tal. 
loro, and of Bees'-Wax, by means of the radiant Hear 
projected downwards by a red-hot Bullet, — Beautiful 
Cryſtals of Sea-Salt formed in Brine ftanding on Mer. 
cury.— Olive Oil ſoon rendered colourleſs by Expoſure 
10 the Air ſtanding on Brine.— An Attempt to cauſe 
- radiant: Heat from a_red-hot Iron Bullet to deſcend 
in Oil. Account of an artificial Atmoſphere in 
quhich borizontal Currents awere produced by Heat. 
— Conjoltures reſpecting the pony Canet of the 
Winds, Page Y 67 
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| Ao Account of ſeveral New ExPERIMENTS; 8 
with occaſional Remarks and Obſervations, 
and CONJECTURES reſpecting Chemical 


Affinity, and Solution; and the mechanical 
Principle of Animal Lk 


| CHAP. I: 

Account of a Circumſtance of a private Nature, by 
which the Author has been induced to add this and 
the following Chapters to the Second Edition of this 
Eſay.— Experimental Inveſtigation of the Subject 
continued, —O11. found by Experiment to be a Non- 
conductor of Heat —MErcury is likewiſe a Non- 
conduftor,— Probability that all El. vips are NoN- 
co, ORS, and that this Property is ESSEN- 
TIAL To FLumrty.—The Knowledge of that 
Faet may be of great Uſe in enabling us to form 
more juſt Ideas with regard to the Nature of thoſe 
mechanical Operations which take place in chemical 
Solutions and Conibinations; in the Proceſs of 
Vegetation; and in the various Changes effected by 
the Powers of Life in the Animal Economy.— 
Rapidity of Solution no Proof of the Exiſtence of an 
l. u. 2 Attraction 
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Artraction of Anity.— Strata of freſh Water and 
of ſalt Water may be made to repoſe on each other in 
actua Contact without mixing. Probability that 


the Water at the Bottom of freſh Lakes, that are 
very deep, may be actually ſalt. | 


A” the end of a French tranſlation of the Firſt 
Edition of this Eſſay, publiſhed at Geneva, Pro- 


feſſor Pictet (the tranſlator) has added the follow. 


ing extract of one of my private letters to him, (of 
the gth June 1797,) written in anſwer to one from 
him to me, acknowledging the receipt of a manu- 
ſcript copy of the Eſſay which I had ſent him. 

* I ſhould have been much ſurpriſed if my 
Seventh Eſſay had not intereſted you; for in my 
« life I never felt pleaſure equal to that I enjoyed 
in making the experiments of which I have given 
“ an account in that performance. You will per. 
e haps be ſurpriſed when I tell you, that I have 
e ſuppreſſed a whole Chapter of intereſting ſpecu- | 
e lation, merely with a view of leaving to others a 
5 tempting field of curious inveſtigation untouched; 


and to give more effect to my concluding reflec- 
„ tion; which I conſider as being by far the molt 


& important-of any I have ever publiſhed.” 

As theſe aſſertions, (which were not originally | 
intended for the public eye, —are liable to ſeveral 
interpretations, I think it my duty, not only to ex- 


plain them, but alſo to let the Public know preciſely 


how far I have puſhed my inquiries in the inveſti 
gation of the ſubjecl under conſideration : This is 
an act of juſtice which I owe to thoſe who may be 

engaged 


- 
© WES 42S « 


n 
in Fluids, 


engaged! in the ſame purſuits; for it would be very 
unfair, by ob/cure hints of important information kept 
back, to keep others in doubt with reſpe& to the 
originality of the diſcoveries they may make in the 
_ proſecution of their inveſtigations. This would tend 
to damp the ſpirit of inquiry, inſtead of exciting it; 
and throwing out ſuch hints looks ſo much like 
lying in wait to ſeize on the fair fruits of the la- 
bours of others, that I cannot reſt till I have ſhewn 


views. 
My worthy friend, Profeſſor Pictet, certainly did 
not ſuſpe& any unhandſome deſign in any thing I 
ſaid to him in my (private) letter; but thoſe who 
are leſs acquainted with my character, may not be 
diſpoſed to give me credit for candour and difin- 
tereſtedneſs without proofs. 
With regard to the aſſertion in my letter, © that 


“ ſpeculation, with a view to leaving to others a 
* tempting field, untouched, for curious inveſtiga- 
tion; this is perfectly true in fact, as will, I 
flatter myſelf, appear, by what I ſhall now lay be- 
fore the Public; and I am confident that thoſe who 
will take the trouble to conſider with attention. 
the reaſons which induced me to do this, will find 
them ſuch as will deſerve their approbation. 
Having, as I flattered myſelf, laid open a new 


philoſophical purſuits, I was afraid, if I advanced 
too far, that others, inſtead of ſtriking out roads for 
themſelves, might perhaps content themſelves with 

| £2: following 
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that I do not deſerve to be W of ſack pul © - 


&« had ſuppreſſed a whole Chapter of intereſting 


and moſt enticing proſpect to thoſe who are fond of 
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following in my footſteps ; and conſequently that 
many, and probably the moſt intereſting parts of the 
new field of inquiry, would remain a long time un- 
explored: And with regard to the' reputation of 
being a diſcoverer, though I rejoice, I might ſay, 
exult and triumph—in the progreſs of human 
knowledge,—and enjoy the ſweeteſt delight in con- 
templating the advantages to mankind which are 
derived from the introduction of uſeful improve. 
ments; yet I can truly ſay, that I ſet no very high 
value on the honour of being the firſt to ſtumble 
on thoſe treaſures which every where lie ſo lightly 
covered. 1a a 


In reſpe& to the & « concluding reſlectionꝰ of the 
Firſt Edition of this Eſſay; though fome may 
ſmile in pity ; and others frown at it; I am neither 
aſhamed, nor afraid to own, that I conſider the ſub- 

ject as being of the utmgſt importance to the peace, 
order, and happineſs of mankind, in our preſerit ad. 
-vanced /tate of ſociety, But to return from thele 
digreſſions— 

Though it W to me that the important 
fact I undertook to inveſtigate, relative to the man- 
ner in which Heat is propagated in Fluids, is fully 
eſtabliſhed by the Experiments, of which an ac- 
count has been given in the preceding Chapters of 
this Eftay ; pet, 28 2 thorough examination of the 
ſubject is a matter of much importance, in many 
reſpects, I did not reſt my inquiries here, but made 
a number of Experiments with a view to throwing 
ſtill more light upon it, and enabling us to form 
more clear and diſtin ideas reſpecting thoſe curious 

| mechanical 


in Fluids. : 31 A 


mechanical operations which appear to take place 
in Fluids, when Heat is propagated in them. 
Having frequently obſerved when a quantity of 
water in one of my glaſs Jars was frozen to a cake 
of ice, by placing the jar in a freezing mixture, 
that, as the ice firſt began to be formed at the ſides 
of the jar, and increaſed gradually in thickneſs, the 
portion of water in the axis of the jar (which laſt 
retained its fluidity) being comprefſed by the 
expanſion of the ice, was always forced upwards 
towards the end of the proceſs, and formed a 
pointed projection of ice in the form of a nipple, 
( papilla, ) which was ſometimes above half an inch 
high in the middle of the upper ſide of the cake ; 
| was-led by that circumſtance to make the follow; 
ing intereſting Experiments, 


Experiment, No. 55. 


A cake of ice, 3 inches thick, which 1 a 
pointed projection, 3 2 an inch high, which aroſe 
from the centre of its upper ſurface, being frozen 
laſt in the bottom of a tall cylindrical glaſs jar, 4+ 
inches in diameter; this jar, ſtanging in an earthen 
pan, and being ſurrounded by pounded ice and 
Vater, to the height of, an inch above the level of 
the upper ſurface of the cake of ice, was placed on 


atable, near a window, in a room where the air was 


at the temperature of 31 of Fahrenheit's thermo- 
meter; and fine olive oil, which had previoully 
been cooled down to the temperature of 32*, was 
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ook into the jar till it ſtood at the height of 1 
inches above the ſurface of the cake of ice. 
Having ready a folid cylinder of wrought iron, 
13 inch in diameter, and 12 inches long, with a2 
ſmall hook at one end of it, 'by means of which it 
could occaſionally be ſuſpended in a vertical pofi. 
tion, and furniſhed with a fit hollow cylindrical 
ſheath of thick paper, into which it juſt paſſed, — 
open at both ends, and about s of an inch longer 
than the folid cylinder of iron, to which it ſerved 
as a covering for keeping it warm ; this iron cy- | 
linder, being heated to the temperature of 2100 in 
boiling water, and being ſuddenly introduced into 
its ſheath, was ſuſpended by an iron wire which 
deſcended from the ceiling of the room, in ſuch a 
manner, that its lower end entering the jar, (in the 
direction of its axis,) was immerſed in the oil to 
ſuch a depth, that the middle of the flat ſurface of 
this end of the hot iron, which was directly above 
the point of the conical projection of ice, was dil 
tant from it only e of an inch. The end of the 
ſheath deſcended -; of an inch lower than the end 
of the hot metallic cylinder. 20 
As the oil was very tranſparent, and the jar 
placed in a favourable light, the conical projection 
of ice was perfectly viſible, even after the hot 
cylinder was introduced into the jar; and had any 
Heat prsceNDED through the thin ſtratum of fluid 
oil which remained interpoſed between the hot {ur- 
face of the iron and the pointed projection of ice 
which was under it, there is no doubt but this 


Heat muſt have been apparent, by the melting 3 
the 
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the ice; which event would have been diſcovered, 
either by the diminution of the height of this pro- 
jection, or by an alteration of its form. But this 
was not the caſe : the ice did not appear to be in the 


ſmalleſt degree diminiſhed, or otherwiſe affected by 


the vicinity of the hot iron. 
My reader will naturally ſuppoſe, without my 
mentioning the circumſtance, that due care was 
taken in introducing the cylinder into the jar, to do 


it in the moſt gentle manner poſſible, to prevent the 


oil from being thrown into undulatory motions; 
and that proper means were uſed for confining the 
cylinder, motionleſs, in its place, when it had 
arrived there. | 


As this experiment appears to me to be unex- 


ceptionable, and its reſult unequivocal and deciſive; ; 
in order that a perfect idea may the more eaſily be 
formed of it, I have added the Figure 4, where a 
ſection of the whole of the apparatus uſed in making 
it may be ſeen, expreſſed in a clear and diſtin&t 
manner, 

If the general refult of the Experiments, of which 
an account has been given in the two firſt Chapters 


of this Eſſay, afforded reaſon to conclude that 


water is a non- conductor of Heat, the reſult of that 
here deſcribed certainly proves, in a manner quite 
as latisfactory, that oil is alſo a non- conductor; and 
ſerves to give an additional degree of probability to 
the conjecture, that all Fluids are neceſſarily non- 
conductors . 

As mercury, which is a metal in Eo: is differ- 
ent in many reſpects from all other Fluids, 1 
- WA - was 
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was very impatient to know if 1 it agreed with them in 


that eſſential property, from which they have been 
| denominated non- conductors of Heat, and this [ 


found to be actually the caſe, by the reſult of the 


8 


Eee No. 5 6. 


Having emptied and cleaned out the cylindrical 
olaſs jar uſed in the laſt mentioned Experiment, 


and repleniſhed it with a freſh cake of i ice, with a 


conical projection in the middle of its upper fide, 1 
placed the jar, ſurrounded by pounded i ice and 


water, on the table, in the cold room, where the 
foregoing Experiment had been made; and poured 


over the cake of ice as much ice-cold Mercury, as 
covered it to the height of about an inch. Having 


: cleaned the ſurface of the mercury in the j Jar with 


blotting paper, I ſuffered the whole to remain quiet 


about an hour; and then very gently introduced | 
the end of the Bot cylinder of iron (incloſed i in ts 
paper ſheath) into the mercury, and fixed it immo- 


yeably in ſuch a poſition, that its flat end, which 
was naked, was immediately over the point of the 
conical projection of ice, and diſtant from it about 

b of an inch; where 1 ſuffered it to remain ſeveral 


7 minutes. 


It. is neceſſary that 1 "WIPE mention, that, in | 


order to prevent the internal motions in the mals of 
- mercury, which would otherwiſe have been occa· 


ſioned by the riſing and ſpreading out on its ſurface 


- of thoſe particles of that fluid, which, having 


6 Rs touched I 


U 


— r .4v9 


| touched the flat end of the hot i iron, became ſpeci- 
 fically lighter in conſequence of their increaſe of 


temperature, the end of the hollow cylindrical 
heath, in which the ſolid TI of iron was 
placed, was made to project about of an inch 
below the flat end of the iron. This precaution 


was likewiſe uſed, and for a ſimilar reaſon, in the 


preceding Experiment; when oil was uſed in the 
place of the mercury ; as was mentioned, though 


vithout being explained, in giving an account of 
that Experiment. 


As the cake of ice, on which the mercury repoſed, 


was at that temperature preciſely at which ice is diſ- 


poſed to melt with the ſmalleſt additional quantity 


of Heat, if any Heat had found its way downwards 
through the mercury to the ice in this Experiment, 
water would moſt undoubtedly have been formed ; 


and this water would as undoubtedly have appeared. 


on the ſurface of the mercury on taking away the 


iron: but there was not the ſmalleſt appearance of 


any ice having been melted. 
To find out whether the cake of ice was really at 
that temperature at which it was diſpoſed to melt 


vith any additional Heat, I thruſt down the end of 


my finger through the mercury, and touched the 


ice; and this Experiment removed all my doubts ; 


for I found that, however expeditiouſly I performed 
that gperation, it was hardly poſſible for me to 
touch the ice without evident ſigns of water having 


been produced being left behind, on the clean and 


bright ſurface of the mercury, on ** away my 
inger: A bo 


From 


in Nuids. 319 


21 
. 
WT 4 
iN 
Fi 
1 
n 
2 
LF 
13 
4 1 
1 
. 1 
. 
CF. | 
Ul 
[74 
Li 
* 1 
1 . 
7 4 
41 
. = 
* + 
S . 
—_- 
1 
} 
. 
+ 
z 
* 
1 
1 
7 N. 
4 
1 
WEE 
& | 
8 x 
p 
4 4 
17 
1 
* 


i 
+ 
nf 
* 4 
* 
7 


— >, 
- _— — — <s 2 


320 Of the Propagation. of Heat 


From the reſults of all theſe experimental inveſti. 
gations it appears to me, that we may ſafely con. 
clude that ꝛwater, oil, and mercury are perfect non. 
conductors of Heat; or, that when either of thoſe 
ſubſtances takes the form of a Fluid, all interchange 
and communication 'of Heat among its particles, or 
from one of them to the other, directly, becomes 
from that moment ab/olutely impoſſible. 

That this is alſo the caſe with reſpect to the par- 
ticles of air, has been rendered extremely probable, 
—] believe I might ſay proved, —by the Experi- 
ments of which I gave an account in one of m 
Papers on Heat, - publiſhed in the TranfaQtons of 
the Royal Society; — and J have ſhewn elſewhere— 
(in my Sixth Eſſay) how much reaſon there is to 
conclude, that the particles of Steam and of Flame 
are in the ſame predicament. wr 

But if all interchange and communication of | 
Heat, from particle to particle — immediately, or de 
roche en proche, be abſolutely impoſſible in fo many 

elaſtic and unclaſtic Fluids, — and in Fluids ſo eſſen- 
*tially different in many other reſpects, — is there 
not ſufhcient grounds to conclude from hence, that 
this property is common to all Fluids—and that it 
is even efential to Juidity ?. | 

It is eaſy to conceive, that the diſcovery of ſo im- 

portant a circumſtance muſt neceſſarily occaſion a 

; conſiderable change in the ideas we have formed in 

- reſpe& to the mechanical operations which take 
place in many of the great phenomena of Nature; 


as well as in many of tho ſell more intereſting | 
chemical 
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chemical operations, which we are able to direct, 
but which we find, alas! very difficult to explain. 
In my Paper on Heat, above mentioned, publiſhed 
in the Philoſophical Tranſactions for the year 1792, 
{ endeavoured to apply the diſcovery of the non- 
conducting power of air in accounting for the 
warmth of the hair of beaſts ;—of the feathers of 
birds; — of artificial clothing ; and of ſnow, 7he 
winter garment of the earth ;—and alſo, in explain- 
ing the cauſes of the cold 'winds from the polar 
regions, and of their different directions in different 
countries, which prevail at the end of winter, and 
early in the ſpring. | 
In my Sixth Eſſay (on the Management of 
Heat and the Economy of Fuel) — I availed myſelf 
of the knowledge of the non- conducting power of 
fleam and of flame, in explaining the effects of a 
blow-pipe in increaſing the action of pure flame; 
and in inveſtigating the moſt advantageous forms 
for boilers: and in the third Chapter of this Eſſay 
I have endeavoured to apply the diſcoveries which 
had been made, reſpecting the manner in which 
Heat is propagated in water, in explaining the means 
which appear to have been uſed by the Creator of 
the world for equaliſing the temperatures of the 
different climates, and preventing the fatal effects 
of the extremes of heat and of cold on the ſurface 
of the globe. But a moſt intereſting application 
remains to be made of theſe diſcoveries, to chemi/try ; 
D vegetation; —and the animal economy ;—and to 
the learned in thoſe branches of ſcience I beg leave 
moſt earneſtly to recommend them. If I am not 
much 
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much miſtaken they will throw a new light on 
many of thoſe myſterious operations of Nature, in 
which inanimate bodies are put in motion—their 
forms changed—their component parts ſeparated, 
and new combinations formed; and it is poſſible 
that they may even enable us to account, on me- 
chanical principles, for thoſe ſurpriſing appearances 
of preference and predilection among bodies, which 
without ever having been attempted to be explained, 
have been * by the e of chemi: 
cal affinity. 
Perhaps it will be found that every change of 
form, in every kind of ſubſtance, is owing to Heat; 
and to Heat alone: that every concretion is a true 
congelation, effected by cold, or a diminution of 
Heat; — and that every change from a ſolid to a 
fluid form is a real /u/jon. That the difference be- 
| tween calcination in the zoe? and in the dry way, is, 
in fact, much leſs than has hitherto been generally 
imagined ; and that no metal is ever diffolved till it 
has r been melted. | 
Perhaps it will be found, that the apparent vio- 
lence with which ſolid bodies of ſome kinds are at- 
tacked by their liquid ſolvents, —and which has, ! 
believe, been conſidered as a proof of a ſtrong che- 
mical aftinity—is not owing to any particular at- 
traction, or election, but to the conſiderable degree 
of heat, or of cold, which is produced in their 
union with their menſtrua ; or to a great difference 
in the ſpecific gravity of the menſtruum in its na- 
tural ſtate, and that of the ſame fluid after it has 


been changed to a ſaturated ſolution, ; 
* | | : 


in Huids. 1 


If Fluids are non- conductors of Heat, it is evident 
that, if any change of temperature takes place in 
chemical ſolution, it muſt neceſſarily produce cur- 
rents in the ſolvent; and that theſe currents muſt 
be the more rapid, as the change of temperature is 
greater; and as they neceſſarily cauſe a ſucceſſion 
of freſh particles of the ſolvent to come into contact 
with the ſolid, it is evident, Vall other things being 
equal, — that the rapidity of the proceſs of ſolution 
vill be as the rapidity of theſe currents, —or as the 
change of temperature. 

But the currents produced by the difference in 
the ſpecific gravities of the fluid menſtruum, and 
of the ſaturated ſolution, have perhaps, in general, 
a ſtill greater effect in bringing a rapid ſucceſſion of 
freſh particles of the menſtruum into contact with 
the ſolid body that is diſſolved in it, than thoſe pro- 
duced by the change of temperature. 

When theſe two cauſes conſpire to accelerate the 


dencies are in the ſame direction, as is the caſe in 
the folution of common ſea-falt in water,—the 
olution ought to be moſt rapid. 

When common falt is diſſolved in water, the lpe- 
cific gravity of the ſaturated ſolution is greater than 
that of pure water, and will therefore deſcend in it; 
and cold being produced in the proceſs, and water 
being a non- conductor of Heat, the ſpecific gravity 
of the ſaturated ſolution will be ill farther increaſed, 
in conſequence of its condenſation with this cold, 


Kcelerated. 
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A curious queſtion here preſents itſelf, which, 
could it be reſolved, might greatly tend to elucidate 


en ſubject of philoſophical inveſtigation. 


Suppoſing that, in a caſe where Heat is generated 
in the ſolution of a ſolid in a fluid menſtruum, the 
addition to the ſpecific gravity of the menſtruum, 
ariſing from its chemical union with the ſolid, ſhould 
ſo preciſely counter-balance the diminution of the 
Ipecific gravity of the Fluid, by the Heat generated 
in the proceſs, that the hot ſaturated ſolution ſhould 
be preciſely of the ſame ſpecific gravity as the cold 
menſtruum; — would, or would not the proceſs 
of ſolution be poſlible under ſuch circum- 
ſtances ? 

If the apparent tendency to approach BRA other, 
which we ſometimes perceive in ſolids and their | 
fluid menſtrua, were real; if that peculiar kind of 
_ attraction of predilection which has been called 
chemical affinity, has a real exiſtence, and if its in- 

fluence reaches beyond the point of actual contact, (as 
has, I believe, been generally ſuppoſed, ) as there is 
no appearance of any attraction whatever, or afl- 
nity, between any ſolid body, and a ſaturated ſolu- 
tion of the ſame body in its .proper menſtruum, it 
ſeems probable that the ſolution would take place, 
—under the circumſtances deſcribed : but ſhould 
the attraction of affinity, according to the definition | 
of it here given, have no exiſtence in fact, (which 
is what I very much ſuſpect, ) in that caſe it is eri: 
dent that the ſolution, though it would not be ab- 
ſolutely impoſſible, would be ſo very flow as hardy 


to 82 perceptible. | 
2 DE | f | 
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It would not be impo/ſible, becauſe the particles of 
the menſtruum in immediate contact with the ſolid, 


though, in the moment of their ſaturation, they 
would have no tendency to move out of their places, 


yet, as they would by degrees neceſſarily give off, 
to the undiſſolyed part of the ſolid, a part of the 
Heat acquired in the chemical proceſs by which 
they were ſaturated, being condenſed by this loſs of 
Heat, they would, at length, begin to deſcend, and 
give place to other particles of the menſtruum; 
which, in their turns, would follow them, but with 
velocities, however, continually decreaſing on 


account of the gradual augmentation of tempera- 


ture of the undiſſolved part of the ſolid, and. of the 
Heat communicated by that ſolid ſubſtance to the 


whole maſs of the liquid menſtruum. 


Though it would, probably, be e tien diff 
cult to contrive any ſingle experiment, from the re- 
ſult of which a ſatisfaQory deciſion of this queſtion 
could be obtained, yet it does not appear to be im- 


poſſible to diſcover by indirect means; the principal 


fact on which its deciſion muſt depend. 

It is a well known fact, that, when water which 
holds ſea-ſalt in ſolution is mixed, in any veſſel, 
with freſh water, the ſalt will, after a ſhort time, be 


found to be very equally diſtributed in every part of 
the whole mals ; and I believe that it has been ge- 


nerally confidered, that this equal diſtribution of the 
falt is owing to the affinity which 1: is 5 ſuppoſed to exiſt. 
between ſea-ſalt and water. 


Having doubts with reſpe&- to the exiſtents of 


this luppoſed attraction; and ſoſpeQing that the 


equal 


% 
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equal diſtribution of the ſalt was owing to a very 
different cauſe the internal motions among the 
particles of the water, occaſioned by accidental 
changes of temperature I made the following 


Experiment, which, I fancy, will be conſidered as 
deciſive. 


| Experiment, No. 57.1 


1 a cylindrical glaſs jar, 44 inches in > Tang 
ter, and 74 inches high, and placing it in the 
middle of another cylindrical glaſs jar, 7 inches 
in diameter, and 8 inches high, which ſtood in 
a very ſhallow earthen diſh, nearly filled with 
pounded ice and water, I placed the diſh, with its 
contents, on a ſtrong table, in an uninhabited room, 
in a retired part of the houſe, where the tempera- 
ture of the air, which was the ſame, with very | 
little variation, day and night, was at about 36*F. 
Having prepared, and at hand, a quantity of the | 
ſtrongeſt brine I could make with ſea-ſalt, which 
was very clear, tranſparent, perfectly colourleſs, 
and ice-cold; and alſo, a quantity of freſh, or 
pure water, —ice-cold, lightly tinged. of a red 
colour with turnſol; and ſome ice-cold olive-oil ; | 
firſt poured as much of the freſh water into the 
ſmall cylindrical jar as was neceſſary to fill it up to 
the height of aboye 2 inches; and then, by means 

of a glaſs funnel, which ended in a long and narrow 
tube, by Introducing this tube into the freſh water, 


and N it on 2 the bottom of the j jar, I poureda 
| quantity 


— 


4 


quantity of the brine, equal to that of the freſh. 
water, into the jar; and in performing this opera- 


tion I took ſo much care to do it gently, and with- 


out diſturbing the freſh water already in the jar, 


that, when it was finiſhed, the freſh water, which, 
35 it was coloured red, could eaſily be diſtinguiſhed 
from the brine, remained perfectly ſeparated from 
this heavier ſaline liquor; on which it repoſed 
quietly, - without the ſmalleſt. APPEIrance of any. 
tendency to mix with it. 

I now filled, to the height of about 5 nated, 


the void ſpace between the outſide of the ſmall jar 


and the inſide of the large jar in which it was 


placed, with ice-cold water, mixed with a quantity. 


of ice, in pieces as large as walnuts, —(pounded 
ice would have obſtructed the view in obſerving, 


through the ſides of the large jar, what paſſed in 


the ſmaller)—and when this was done, I very care- 
fully poured ice-cold olive oil“ into the ſmaller jar 
ill it covered the ſurface of the (tinged) freſh water 
to the height of about an inch (ſee Fig. S. Plate IV.); 
and placing myſelf near the table, in a ſituation 
here I had a diſtin& view of the contents of the 
ſmall jar, I ſet myſelf | to obſerve the reſult of the 
Experiment. 

After waiting above an hour without being able 
to perceive the ſmalleſt appearance of any motion, 
either in the brine, or in the freſh water, (the one 
continuing to repoſe on the other with the moſt 


This oil ſerved not only to keep the water on which it repoſed, 


quiet ; but alſo to prevent any communication of heat between it 
nd the air of the atmoſphere, - 
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| perfect tranquillity, and without the ſmalleſt diſpo- 
ſition to mix together) I left the room. 
When I returned to it the next day, I foul 
things preciſely in the ſtate in which I had left 
them ; and they continued in this ſtate, without 
the ſmalleſt appearance of any change, or of any 
„ e to change, during four days. 
At the end of that time, thinking that any far. 
| ther prolongation. of the Experiment would be 
quite uſeleſs, I removed the ſmall Jar, taking care 
not to agitate its contents, and placed it in the win- 
dow of a room heated by a German ſtove. 
In leſs than an hour I perceived that the brine 
and the (tinged) freſh water began to mix, and at 
the end of 24 hours they were intimately mixed 
throughout, as was evident by the colour of the 
aqueous fluid on which the oil repoſed; which 
now appeared to the eye to form one uniform maſs 
of a light red tint. | 
J ſhall leave it to philoſophers to draw their own | 
concluſions from the reſults of this Experiment: 
In the mean time, there is one fa& which it ſeems 
to point out that I ſhall juſt mention, which is not 
only curious in itſelf, but may lead to very impor- 
tant diſcoveries. It appears to me to afford ſtrong 
reaſons to conclude that, were a lake but very deep, | 
its waters, near the ſurface, would neceſſarily be 
| freſh, even though its bottom ſhould be one ſolid 
maſs of rock ſalt. 
Would it be ridiculous to make 88 to 
determine whether the water at the bottom of ſome 


very deep lakes ig not impregnated with falt? 
Should 


in Nude. 329 
Should it be found to be actually the caſe, it might 
prove an unexhauſtible treaſure in an inland coun- 
try, where falt is ſcarce. 

As mines of rock-falt are often found in the 
neighbourhood of freſh lakes, it ſeems reaſonable 
to ſuppoſe that the waters of ſuch lakes ſhould 
ſometimes be in contact with rata of theſe mines; 
and when J firſt began to meditate on this ſubject, 
I was much furpriſed, — not that the ſalt water 

which may lie at the bottom of freſh lakes ſhould 
not already have been diſcovered, for from the 
firſt I plainly perceived that nothing could happen 
in the ordinary courſe of things that could bring it 
to the light, or even afford any grounds to ſuſpect 
is exiſtence ;—but, as /rata of ſalt mines frequently 
lie higher than the mean level of the country, I was 
ſurpriſed that lakes of halt water ſhould not more 
frequently be found; and as theſe reflections oc- 
curred to me after 1 had diſcovered what appeared 
to me to be an evident proof of the wiſdom and 
roodneſs of the Creator in making all lakes in cold 
countries fyeſb, I began to be alarmed for the fatal 
conſequences that might enſue, if, by chance, the 
ide of a lake ſhould come into contact with a 
mountain of ſalt ; as I ſaw might eaſily happen. 

Shall I,—or ſhall I not attempt to give my reader 
mn idea of what I felt, when, meditating on the 
lubje&t, and almoſt beginning to repent of what 
many, no doubt, have already condemned as the 
fooliſh dream of an enthuſiaſtic imagination, I ſaw, 
al at once, that the moſt effectual care had been 
taken to prevent the evils 1 apprehended; that 
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336 Of the Propagation of Heat 

from the very conſtitution of things, and the ori. 
nary and uniform operation of the known laws of 
Nature, the permanent exiſtence of a lake, $ALT ar | 
THE SURFACE, is abſolutely impoſſible 3 even though 
it ſhould be ſurrounded on every ſide by mountains 
of ag 

Though the exploſion of a volcano, an earth- 
quake, or any other great convulſion, by which the 
ſhores of a lake might be brought into contact with | 
a vaſt mine of ſalt, might cauſe the whole mals 
of its water to be falt for a time; yet, the evil 
would ſoon effe& its own remedy : The falling i in 
of the cruſt of earth and ſtones by which mines of 
ſalt are every where found to be covered, (and 
without which they could not exiſt) would very 
ſoon cover the naked ſalt, and the water at he! 
ſurface of the lake would again become perfect) 
freſh. Should, however, the lake be ſo deep that 
the temperature at the bottom ſhould remain the 
ſame ſummer and winter, without any ſenſible va. 
riation, it is moſt certain that its waters here (at 
the bottom of the lake) — would remain perfect 
ſaturated with ſalt for ever. 

But are there not ſome reaſons to conclude that 
the water at the bottoms of all very deep lakes ought | 
neceſſarily to be ſalt, even in . where there 
are no mines of ſalt near? b 

The ſea-ſhells that are frequently found in high | 
inland ſituations, as well as many other appear. 


. By the word Lake I mean, as is is to perceive, A collection of} 
water, in a _ inland ſituation, from which there is a conſtant 


E a 
ances 


10 


8 


9 


F ? 
NA RR” 3-53 - 331 


ances noticed by naturaliſts, ſtrongly indicate that 
moſt of our continents have been covered by the 
waters of the ocean. Now if that event ever hap- 
pened—however remote the period may be at 
which it took place—it ſeems highly probable that 
the ſalt water left at the bottoms of all deep lakes, 
by the ſea, on its retiring, ut be there now: + 

I cannot take my leave of this ſubje& without 


juſt obſerving, that the diſcovery of the impoſſibility 


of the permanent exiſtence of what we can plainly 
perceive would be an evil, certainly ought not to 
diminiſb our admiration of the wiſdom of the great. 
Architect of the Univerſe. 
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CH AP. II. 


Water made to congeal at its under Surface. — Ob. 
ſervation reſpecting the Formation of Ice at the 
Bottoms of Rivers. —Reaſons for concluding that 

Heat can never be equally diſtributed in any 

- Fluid. —Perpetual Motions occaſroned in Fluids by 
the unequal Diſtribution of Heat. An inconceiv. 
ably rapid Succeſſion of Colliſions among the in- 

" tegrant Particles of Fluids is occaſioned by the in. 
ternal Motions into which Fluids are thrown in the 
Propagation of Heat. An Attempt to eſtimate the | 

Number of thoſe Colliſions which take place in a 
given Time. —Theſe Inveſtigations will greathy | 
change our Ideas reſpecting the real State of Fluids 
apparently at ręſt.—FLUlDrry may be called the 
LirE or INANIMATE - BoDIEs. — Conjectures ref- | 
pecting the VITAL PRINCIPLE in Living Animals; 
and the Nature of Fh. cal STIMULATION. 


Verte the mechanical . may in 
fact be, by which thoſe effects are produced 

that have given riſe to the idea of the exiſtence of | 
an attraction of affinity —(a power different from 
gravitation) between ſolid bodies and their liquid 
menſtrua, and between different portions of the 
ſame menſtruum differently ſaturated; the reſult 
of the foregoing Experiment (No. 57) proves that 


two particles of water in combination with very | 
different 


N 


Po 2 


z diſpoſition to equalize the ſalt between them. 
But ſhould we even admit as a fact, what this 
Experiment ſeems to indicate, namely, that there 


tween ſolids and their ſolvents; and that all thoſe 
motions which have been attributed to the action 
of that ſuppoſed power, — (as well as all other 


motions which take place in Fluids, ) —are the im- 


Heat ; yet there would {till remain one great diffi- 
culty in explaining chemical ſolution. As all me- 
chanical operations require @ certain time for their 
performance; and as the motion which is occaſion- 
ed in a Fluid by a change of ſpecific gravity in any 
individual particles of it, begins as ſoon as the 


traction between the particles of ſolid bodies and 
the particles of their menſtrua; as Heat is ſuppoſed 
to be generated or abſorbed, or, to ſpeak more 
properly, —both generated and abſorbed,—in the 
contact of thoſe particles, and previous to the com- 
pletion of their chemical union; -- how does it hap- 
pen that the particle of the menſtruum whoſe ſpe- 
atic gravity is neceſſarily changed by this change 
of temperature, does not immediately quit the ſolid, 


ceſs of ſolution has had time to be completed ? 
7 AA 4 | A con- 


different quantities of ſea- ſalt; or a particle of 
water ſaturated with ſalt, and another perfectly free 
from ſalt, may be in contact with each other for any 


length of time without ſhowing any appearance of 


is no ſuch thing as an attraction predilection be- 


mediate effects of gravitation acting according to 
immutable laws, and changes of Specific gravity by 


! - 
— — ——̃ ey RD ery — — —— * 8 
* 1 N 2 —_—_— — 
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change begins to take place, if there be no at- 


in conſequence of this change; and before the pro- 
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"A conſideration of the effects of the vis inertig 

of the particle of the menſtruum whoſe ſpecific 
gravity is thus changed, and alſo of the vic inertiz 
of the reſt of the Fluid, and the reſiſtance it muſt 
oppoſe to the motion of its individual ſolitary par. 
ticles, would furniſh us with arguments that might 
be employed with advantage in removing this diff. 
culty ; but I fancy that the reſult of the Experi- 
ment of which I ſhall preſently give an account 
will be more ſatisfactory than any reaſoning, un. 
ſupported by facts, that 1 could offer on the 
ſubject. 

When a doubt ariſes with ** to the 55 bility 
of any operation of a peculiar kind, which is /up- | 
poſed to take place, in any proceſs of nature among 
thoſe infinitely ſmall integrant particles of bodies, 
which eſcape, and mult ever eſcape, the cognizance 
of our groſs organs, however they may be aſſiſted 

by art, the ſhorteſt way of deciding the queſtion is 
to put the known powers of nature in action under 
ſuch circumſtances that the effects produced by 
them muſt ſhow, unequivocally, whether the ſup- 
poſed operation be poſſible, or not: and if it be 
found to be poſſible in one caſe, we may then 
argue with leſs diffidence on the probability of its 
actually taking place in the ſpecific caſe in 

queſtion. 

It has been e proved by the Experi- | 
ments of M. de Luc, and by thoſe of my friend 
Sir Charles Blagden, that when water, in cool 
ing, has arrived at the temperature of about 41 F. 
: its condenſation with cold ceaſes, and it begins to 

expand; : 


in Fluids. 1 2 


expand ; and continues to expand gradually as its 

temperature goes on to be farther diminiſhed, till 

it is changed to ice. Availing myſelf of that moſt 

important diſcovery, I made the following Experi- 
ment. | : 


Experiment, No. 58. 


Having poured mercury, at the temperature of 
be, into a common glaſs-tumbler, till this Fluid 
ſtood at the height of about an inch; I then poured 
about twice as much water (at the ſame temperature) 
upon itz and placing the tumbler in a ſhallow 
earthen diſh, ſurrounded it to the height of the 
level of the ſurface of the mercury with a freezing 
mixture of ſnow and common falt. Having done 
this, I was very curious indeed to ſee in what part 
of the water ice would firſt make its appearance. 
Could it be at the upper ſurface of it? That ap- 
peared to me to be impoſſible ; for the Experiment 
being made in a room warmed by a German ſtove, 
the temperature of the air which repoſed on that 
ſurface was nn above the point at which 
water free zes. 

Could it be at its lower ſurface, where it reſted 
on the upper ſurface of the mercury ?—If that 
mould happen, it would ſhow, that, notwithſtand- 


water in paſſing from the temperature of 417 to 
that of 32; and the tendency which this diminu- 
tion gave it to quit the ſurface of the mercury 
from the inſtant when, it being cooled by a con- 


g © there 


Ing the diminution of the ſpecific gravity of the 


tact with it, it had paſſed the point of 41% yet 
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there was time ſufficient for the congelation to be 
completed before the particle of water ſo cooled could 
make its eſcape. 

The reader will naturally conclude from what 
was ſaid in the preceding page, that it was merely 
with a view to the determination of that ſingle fact, 
that this Experiment was contrived; and he will 
perceive by the reſult of it that my expectations 
with regard to it were fully anſwer ed. ' 

Ice was not only formed af tbe bottom of the 
water, at its under ſurface, where it was in con- 
tact with the cold mercury; but, I found on re. 
peating the experiment, and varying it, by previ. 
ouſly cooling the mercury in the tumbler to about 

o, that boiling-hot water, poured gently upon it, 
was inſtantly frozen, and gradually formed a thick 
cake of ice, covering the mercury; though almoſt 
the whole of the maſs of the unfrozen water, which 
reſted on this ice, remained nearly boiling-hot. 

This Experiment not only determines the point 
for the : deciſion of which it was undertaken ; but 
alſo enables us to form a juſt opinion reſpecting a 
matter of fact which has been the ſubject of a good 
deal of diſpute. 
Though many accounts have been publiſhed of 

ice found at the bottom of rivers, yet doubts 
have been entertained of the poſſibility of its being 
formed in that ſituation. From the reſult of the 
foregoing Experiment it appears to me that we may 
ſafely conclude, that, if after a very long and a 
very ſevere froſt, by which the ſurface of the ground 


hag not only been frozen to a conſiderable depth, 
but 
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but alſo cooled ſeveral degrees below the freezing 

point, a river ſhould overflow its banks, and cover 
the ſurface of ground previou/ly ſo cooled, ice 

would be formed at the bottom of the water: but 
all the Experimeuts that have been made on the 

congelation of water ſhow the abſolute impoſſibi- 

lity of ice being ever formed, in any country, at the 

bottom of a river which conſtantly fills its banks, 

or which never leaves its bed expoſed, dry, to the 

cold air of the atmoſphere. 

By reflecting on the various conſequences that 
ought to follow from the peculiar manner in which 
Heat appears to be propagated in Fluids, we are led 

to conclude, that it is almoſt impoſſible that any 
Fluid expoſed to the action of light ſhould ever be 
throughout of the ſame temperature, though its 
maſs be ever ſo ſmall; and that the difference in 
the Heat of its different particles muſt occaſion 

perpetual motions among them. 
Suppoſe any open veſſel, —as a common glaſs 
tumbler for inſtance, — containing a piece of mo- 
ney, a ſmall pebble, or any other ſmall ſolid opaque 
body, to be filled with water, and expoſed in a 
window, or elſewhere, to the action of the ſun's 
rays. As a ray of light cannot fail to generate 
Heat wwhen and where it is ſtopped or abſorbed, 
the rays, which, entering the water, and paſling 
through it, impigne againſt the ſmall ſolid opaque 
body at the bottom of the veſſel, and are there 
_ abſorbed, muſt neceſſarily generate a certain quantity 
of Heat; a part of which will penetrate into the 
interior parts of the ſolid, and a part of it will be 
commu- 
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communicated to thoſe colder particles of the water 
which repoſe on its ſurface. 

Let us ſuppoſe the quantity of Heat ſo commu- 
nicated to one of the integrant particles of the wa- 
ter to be ſo ſmall, that its effect in diminiſhing the 
ſpecific gravity of the particle is but juſt ſufficient 
to cauſe it to move upwards in the maſs of the 
liquid with the very ſmalleſt degree of velocity that 
would be perceptible by our organs of ſight, were 
the particle-in motion large enough to be viſible, 
This would be at the rate of about one hundredth 
part of an inch in a ſecond. 

This velocity, though it appears to us to 8 flow 

m the extreme, when we compare it with thoſe 
bf 1a that we perceive among the various bodies 
by which we are ſurrounded, yet we ſhall be ſur- 
priſed when we find what a rapid ſucceſſion of 
events it is capable of producing, 

If we ſuppoſe the diameter of the integrant par- 
_ ticles, or molecules of water, to be one millionth 
part of an inch—(and it is highly probable that 
they are even leſs—*)—in that caſe, it is moſt cer- 
tain that an individual particle, moving on 1n a 
quieſcent maſs of that Fluid with the velocity in 
queſtion, namely, at the rate of 2 part of an inch 
in 1 ſecond, would run through a ſpace equal to 


Leaf gold, ſuch as is prepared and fold by the gold-beaters, 
is not four times as thick as the diameter here aſſumed for the integrant 
particles of water. Theſe leaves of folid metal have been ound by 

. computation to be no more than 2328 of an inch in thicknels. 

How much leſs muſt be the diameter of the integrant particles of 

gold ? | 

ten | 
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ten thouſand times the length of its dianieter in one 


ſecond, and conſequently would come into contact 


with at leaſt /ix hundred thouſand different pargdles 
of water in that time. 

Hence it appears how aA ſhort the 
time muſt be that an individual particle, in motion, 
of any Fluid, can remain in contact with an 
other individual particle, not in motion, gain 
which it ſtrikes in its progreſs (however flow that 
progreſs may appear to us to be) through the 
quieſcent maſs of the Fluid ! 

Suppoſing the contact to laſt as long as the 
moving particle employs in paſſing through a ſpace 


equal to the length of its diameter—which is evi- 


dently all that is poſſible ; and more than is pro- 
bablez—then, in the caſe juſt ſtated, the contact 
could not poſſibly laſt longer than ;+3++ part of a 
ſecond ! This is the time which a cannon bullet, 
flying with its greateſt velocity, (that of 1600 feet 
in a ſecond,) would employ in advancing 2 inches. 
If the cannon bullet be a nine pounder, 1ts diame- 
ter will be four inches ; and it it move with a ve- 
locity of 1600 feet (=19200 inches) in a ſecond, 
it will paſs through a ſpace Juſt equal to 4800 times 


the length of its diameter in 1 ſecond. But we 


have ſeen that a particle of water moving 2 of 
an inch in a ſecond actually paſſes through a ſpace 
equal to 10000 times the length of its diameter in 
that time: Hence it appears that he velocity with 
which the moving body quits the ſpaces it occupies 18 


more than twice as great in the particle of Hrs 


as in the cannon bullet! : 
There 
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There is one more computation which may he of 
uſe in enabling us to form more juſt ideas of the 
ſubject under conſideration, —and ſurely too much 


cannot be done to enlighten the mind, and aſſiſt the 


imagination, in our attempts to contemplate thoſe 
inviſible operations of nature which nothing but 
the ſharpeſt ken of the intellectual _ will eyer be 
able to detect and ſeize. | 

As ſucceeding events which fall under dhe cog- 
nizance of our ſenſes cannot be diſtinguiſhed if 
they happen oftener than about ten times in a ſe- 


cond *, it appears that when a particle of water 


moves in a quieſcent maſs of that fluid at the rate 
of d part of an inch only, in one ſecond, its 
ſucceeding colliſions with the different particles, 
at reſt, of that fluid, againſt which it ſtrikes as 
it moves on, muſt be ſo inconceivably rapid that 
no leſs than one thouſand of them muſt actually take 
place, one after the other, in the ſhorteſt ſpace of 
time that is perceptible by the human mind +. 
| a After 


* This aſſertion, in-as far, at leaſt, as it relates to objects of ſight, 
may be proved by the following eaſy experiment: Let a wheel, with 
any known number of ſpukes, be turned round its axis with ſuch a 
velocity as ſhall be found neceſſary,” in orde: that the ſpokes may diſ- 
appear or become inviſible. From the velocity of the wheel, and the 
mir of ſpokes in it, the fact will be decided. 

+ It probably will not eſcape the ebſervation of my learned readers, 
that the velocity which 1 have here aſſigned to the fingle particle of 
water, moving upwards in that fluid in conſequence of a change of its 
ſpecific gravity by Heat, though apparently very ſmall, (5, part of 
an inch in a ſecond,)—is, however, moſt probably conſiderably 
greater, in fact, than any individual ſe/iary particle of that fluid 
could poſlibl; acquire, in tne ſuppoſed circumſtances, by any 


change of temperature, however great, owing to the reſiſtance which 
| would 


* 
4 2 
i — 
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After we have patiently examined the reſult of 
theſe inveſtigations, and the imagination has be- 
come familiarized with the contemplation of the 
intereſting facts they preſent to it, how much will 
our ideas be changed with regard to the real ſtate 
of fluids apparently at reſt! They will then 
appear to us to be, what no doubt they really are 
in fact, an aſſemblage of an infinite number of 
infinitely ſmall particles of matter moving continu- 
ally, or without ceaſing „and with inconceivable 
velocities. 

We ſhall then conſider Auidity s as” the life of 1 in- 
animate bodies, and congelation as the /leep of d:ath ; 
—and we ſhall ceaſe to aſcribe active powers, or 
exertions of any kind, to dead motionleſs matter. 

But what ſhall we think of the vital principle in 
living animals ?—Does not their life alſo depend 
on the internal motions in their fluids, occaſioned 


by an unequal diſtribution of heat And is not 


would neceſſarily be oppoſed to its motion by the quieſcent, N 


of the fluid. Aware of this objection, and being deſirous of being 
prepared to meet it, I took ſome pains to compute, by the rules Jaid 
down by Sir IS AAc NEwTON in his Principia, book ii. ſeR. vii., 
what the 3 velocity is that a ſolitary particle of water { (ſuppoſed 
to de 10 8888 of an inch in diameter) could poſſibly acquire by a 
given change of its ſpecific gravity : And I found that if the ſpecific 
gravity of water at the temperature of 320 F. be taken at 1.00082, and 
its ſpecific gravity at 900, at 0.99759, as lately determined by accu- 
rate experiments, then, a ſingle particle of water at the temperature 
of oe, ſituated in a quieſcent mals of that fluid at 320, the greateſt 
relocity this hot particle could acquire in moving IO in conſe- 
quence of its comparative levity would be that of 2% part of an 
inch in x ſecond. This is at the rate of about one inch and an half 
in 1 hour.—But it is evident, that when great numbers of particles 
ite and form currents, they will make their way through the qui- 


ftimulation, 


tlcent fluids with greater facility, and conſequently will move faſter. - 
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$42 Of the Propagation of Heat 


N Kimulation, i in all caſes, the mere mechanical effect 


of the communication of Heat? 

It is an opinion which we know to be as old az 
the days of Moss, that he liſe of an animal reſides 
in its blood; and it is highly probable that it dates 
from a period ſtill more remote. It was lately 
| tevived by an anatomiſt and phyſiologiſt, (now no 
more *,) who was eminently diſtinguiſhed for ſaga. | 
city ; and it appears to me that the late diſcoveries | 
reſpecting the manner in which Heat is propagated 
in Fluids tend greatly to elucidate the ſubject, and 
to give to the hypotheſis a high ae of proba-. 
bility. 

According to this hypotheſis—(as | it may now be | 
explained)—every thing that increaſes the inequa- 
lity of the di Aribution of the Heat in the maſs of 
the blood—(even though it ſhould not immedi. 
ately- augment its quantity)—ought to increaſe the 
intenſity of thoſe actions in which life conſiſts. But 
are there not _ ſtriking proofs that this is the 
caſe in fact? 

Do not reſpiration, — digeſtion, — and inſeſ ble 
perſpiration all tend evidently—(that is to ſay, ac- | 
cording to our aſſumed principles, with Tegard to 
the manner in which Heat is propagated in Fluids) 
eto produce, and to AN this inequality of 
heat in the animal fluids? And do we not fee | 
what an immediate and powerful effe& they have | 
in increaſing the intenſity of the action of the 
powers of life? 


Mr. John Hunter. 


in Fluids: 343 
If animal life depends eſſentially on thoſe in- 
ternal motions in the animal fluids, - which, as 


has been ſhown,—are occaſioned by the differ. 


ence of the ſpecific gravities of their integrant par- 


ticles, or molecules, ariſing from their different tem- 
peratures;—in that caſe, it is evident that the 


vital powers would be ſtrengthened, or their action 
increaſed, either by heat, or by cold, properly applied. 
But is not this found to be the caſe in fact? 


Does not the dram of brandy at St. Peterſburgh 


produce the ſame effects as the draught of iced 
lemonade at Naples, and by the ſame mechanical 
operation, but acting in oppoſite directions? And 
does not the 40% of Heat, by inſenſible perſpiration, 
contribute as efficaciouſly to the preſervation of 


that inequality of temperature which is eſſential to 
life, as the introduction of Heat into the ſyſtem i in 


reſpiration ? 


Is not the ſudden coagulation of blood, when 


drawn from a living animal, and are not all the 
other rapid changes that take place in it, evident 


proofs of an unequal diſtribution of Heat? And 


does not the vi/co/ity of blood, as well as its perpe- 
tual motions in the vaſcular ſyſtem, contribute 
very powerfully to the preſervation of that in- 
equality ? 
Are not the livid ſpots on the ſurface of the 
body, which indicate a beginning of mortification, 
produced in conſequence of a ſeparation, or pre- 
cipitation of the heterogeneous particles of the 
animal Fluids, according to their ſpecific gravities 
and individual temperatures, occaſioned by reſt, 
VOL, II. | B B Or 
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or an interruption of circulation? And may we 
not emphatically pronounce ſuch Fluids to be dead? 

Would not any liquid in which Heat were 
equally diſtributed be a fatal poiſon if injected 
into the veins of a living animal? And would 
not this be the cafe even were the liquid fo in- 
jected a portion of the animal's own blood, or of 
the lymph or any other of its component parts, 
and were it at the mean temperature preciſely of 
the healthy Fluids circulating in FO veins and arte- 
ries of the animal ? 

Is not glandular ſecretion a true precipitation ? | 
and is it not poſlible that the formation of the 
ſolids, and the growth of an animal body, may be 
effected by a proceſs exactly ſimilar to conge- 
lation? And are there not even circumſtances 
from which we might conclude, with a confider- 
able degree of probability, that moſt of theſe con- 
gelations are formed at or about the naue 
of boiling water? 


But I forbear to enlarge on this ſubject. I find [ 
have unawares entered a province, where, if I ad- 
vance farther, I ſhall certainly be expoſed to the 
danger of being confidered and treated as an in- 
truder; and 1 muſt haſten to make my retreat, 
which I ſhall endeavour to effect by. abruptly 
| org. an end to this r 5 
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Probability that intenſe Heat frequently exiſts in the 
 folitary Particles of Fluids, which neither the 
Feeling nor the T her mometer can detect. The Eva- 
poration of Ice during the ſevereſt PFroft explained 
on that Suppoſition.— Probability that the Metals 
would evaporate when expoſed to the Action of the 
Sun's Rays were they not good Conduttors of Heat. 
Mercury is actually found to evaporate under 
the mean temperature of the Atmoſphere, —T his 
Fact is a ſtriking Proof that Fuuiyd MERCURY 
is Non- conductor of Heat.— Probability that the 
Heat generated by the Rays of Light is always 
the ſame in Intenſity ; and that thoſe Efefts which 
have been attributed to Light ought perhaps in 
all Caſes to be aſcribed to the Action of the Heat 
generated by them—A Rriking Proof that the 
moſt intenſe Heat does ſometimes exiſt where wwe 
ſhould not eupect to find it.— Gold actually melted 
by the Heat which exiſts in the Air of the Atmo- 
ſphere, where there is no Appearance of Fire, or 
of any Thing red-hot. -We ought to be cautious 
in attributing to the Action of unknown Powers, 
Effects femilar to thoſe produced by the Agency of 
Heat.—The moſt intenſe Heat may exiſt without 
leaving any viſible Traces of its Exiſtence behind 
it. —T his important Fad illuſtrated by the neceſſary 
22 of an imaginary Experiment. 


Hos far the poſſibility of the communication of 
Heat between the integrant particles of a Fluid 
BB2 - may 
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may or may not be owing to the extfeme mobi. 
 lity of thoſe particles, and to the infinitely ſhort 
time that two of them, of different ſpecific gravi- 
ties, (owing to a difference of temperature) can 
remain in contact, I leave others to determine; in 
the mean time, it is moſt certain that the exiſtence 
of this impoſſibility of any immediate communiica- 
tion of Heat among the particles of a Fluid renders 
the diſtribution of Heat very unequal; and it 
ſeems highly probable that many appearances 
which have been attributed to very different cauſes, 
are in fact owing to intenſe Heat exiſting and pto- 
ducing the effects proper to it in ſituations where 
Its exiſtence has not even been ſuſpected. 
If Fluids are non- conductors of Heat, no ſitu- 
ation can poſſibly be more favourable to its pre- 
ſervation than when it exiſts in them; and it is 
not only evident @ priori that the moſt intenſe 
Heat may exiſt in a few ſolitary particles of ſome 
Fluids, without its being poſlible for us to dete& 
it, or to diſcover the fact, either by our feeling or 
by the thermometer; but there are many ap- 
pearances that ſtrongly indicate, — and others that 
prove, that intenſe Heat actually does exiſt in that 

concealed or imperceptible ſtate very often. 
There is no reaſon to ſuppoſe that it is poſſible 
for ice to be reduced to ſteam without being pre- 
viouſly melted ; and it is well known that ice can- 
not be melted with a lower degree of Heat than 
that of 320 of Fahrenheit's ſcale : but in the midſt 
of winter, in the coldeſt climates, and when the 
temperature of air of the atmoſphere, as ſhown by 
„ the 
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the thermometer, has been much below 3a“, 


ice, expoſed to the air, has been found to evapo- 
rate. 


How can we account for this event, except it be 


by ſuppoſing that ſome of the particles of air, which 


accidentally (as we expreſs it) come into contact 


with the ice, are ſo hot, as not only to melt the 
ſmall particles of ice which they happen to touch, 
but alſo to reduce a part of the generated water to 
ſteam, before it has time to freeze again; or by 
ſuppoſing that this is effected by intenſe Heat gene- 
rated by light abſorbed by ſmall projecting points 
of the ice? As ice is a very bad conductor of Heat, 
that circumſtance renders it more likely that the 
event in queſtion ſhould actually take place, in 
either of theſe ways. 

If the metals were very bad conductors of Heat, 
inſtead of being very good conductors of it, I 
think it more than probable that even they would 
be found to evaporate, when expoſed to the action 
of the direct rays of the ſun; and perhaps alſo in 


ſituations in which ſuch an event would appear ſtill 


more extraordinary. 


Mzrrcvry has been actually found to evaporate 


under the mean temperature of the atmoſphere !— 
What a ſtriking proof is this that fluid mercury is a 
non- conductor of Heat ;—and alſo, that very intenſe 
Heat may be generated, or exiſt, where it would 
not naturally be expected to be found. And does 
not the evaporation of water under the mean tem- 
| BB 3 - perature 
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348 Of the Propagation of Heat 
perature of the atmoſphere afford another proof of 
this laſt fact? ; 
That the moſt intenſe Heat is ak excited in 
very ſmall particles of ſolid bodies diſperſed about 
in the midſt of maſſes of cold liquids is not to be 
doubted: It is well known what an intenſe Heat 
the rays of the ſun are capable of exciting ; and it 
' ſeems to be highly probable that Heat actually EX 
cited by them is always the ſame—that is to ſay— 
intenſe in the extreme but when the rays are few, 
and when circumſtances are not favourable to the 
accumulation of the Heat they generate, it is often ſo 
ſoon diſperſed, that it eſcapes the cognizance of our 
ſenſes, and of our inſtruments; and ſometimes 
leaves no viſible traces of its exiſtence behind it. 

Why ſhould we not ſuppoſe that the Heat gene- 
rated by a ray of light, which, entering a maſs of 
cold water, accidentally meets with an infinitely 
ſmall particle of any ſolid or opaque ſubſtance 
which happens to be floating in the liquid, and is 
abſorbed by it, is not juſt as intenſe as that gene- 
rated in the focus of the moſt powerful burning 
mirror, or lens? 

Mr. Senebier has given us an account of a great 
number of intereſting Experiments on the effects 
produced on different bodies by expoſure to the 
direct rays of the ſun; but why may we not attri- 
bute all thoſe effects to the intenſe local Heat, gene- 
rated by the. light abſorbed by the infinitely ſmall 
and, if I may uſe the expreſſion — inſulated particles 


of 


7 


n Rae, 349 


of the bodies which were found to be affected by 
l 1th 
The Ae of whod, I various kinds was turned 
hon: The ſame appearances might be produced 
in a ſhorter time by the rays which proceed from a 
red-hot iron, which change the ſurface of the wood 
to an imperfect coal. But were not the ſurfaces 
of the woods which were turned brown by the 


light of the ſun in Mr. Senebier's experiments 


changed to an imperfect coal ?—And is it poſſible 
for a Heat leſs intenſe than that of wan to 
E that effect 7 


Among the many facts that might be adduced 


to prove that the moſt intenſe Heat may, and fre- 
quently does exi/t where we ſhould not expect to 
find it, the following appears to me to be very 
ſtriking and convincing. It is, I believe, generally 
imagined that the intenſity of the Heat generated 
in the combuſtion of fuel is much leſs in a ſmall 
fire, than in a great. one; but there 1s reaſon to 
think that this is an erroneous opinion, founded on 


appearances that are not concluſive ; at leaſt it is 


certain that the intenſe Heat of a large ſmelting 
furnace, ſuch as is neceflary for melting the moſt 


refractory metals, actually exiſts in the feeble flame 


of the ſmalleſt candle: and what may appear till 
more extraordinary,—this intenſe degree of Heat 


often exiſts in the air of the atmoſphere, where no 


viſible figns of Heat appear, as I ſhall preſently ſhow. 
Iron is fully red-hot by day-light at the tempera- 


ture of about 10002 of Fahrenheit's ſcale ; braſs 
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melts at 3807%,—copper at 4587 0 —filver at 
471% — and gold at.5237*; and nothing is more 
certain than that the Heat muſt be at that intenſity 
which correſponds to the 5237th degree of Fahren- 
heit's ſcale, where gold is found to melt. But very 
fine gold, filver, or copper wire, flatted, (ſuch as is | 
uſed to cover thread to make lace,) melts inſtanta- 
neouſly on being held in the flame of a candle. It 
will even be melted if it be held a few ſeconds over 
the flame of a candle, at the diſtance of more than an 
inch from the top of the flame, in a place where there 
is no appearance of fire, or of any thing red-hot. 
From the important information which we ac- 
quire from the reſult of theſe. ſimple Experiments, | 
we ſee how much we ought to be on our guard in 
forming an opinion with reſpect to the inten/ity of 
the Heat which may exiſt in the inviſible inſulated 
particles of matter of any kind that may be ſcattered 
about in a given ſpace, —or which may float in any 
Fluid, where neither our feeling nor our thermo- 
meters can poſſibly he ſenſibly affected by it. 
A thermometer can do no more than indicate the 
mean of the different temperatures of all thoſe bodies or 
particles of matter which happen to come into contact 
daoith it. If it be ſuſpended in air, it will indicate the 
mean of the temperatures of thoſe particles of ait 
which happen to touch it; but it can never give us 
any information reſpeQing the relative 9 
of thoſe particles of air. 
If, during the moſt intenſe froſt, a thermometer 


were ſuſpended in the neighbourhood of a burning 
| candle,— 
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candle,—in the ſame room for inſtance,—if it were 


placed over the candle, or nearly ſo, though it ſhould 


be diſtant from it ſeveral feet, as air is a non- con- 


ductor of Heat, there is not the ſmalleſt doubt but 
that ſome ſolitary particles of air heated by the 
candle to the intenſe Heat of melting gold, would 
reach the thermometer; but neither the thermo- 
meter, nor the hand held in the ſame place, could 
give us any indication of ſuch an event. 

As it appears from all that has been faid that in- 
tenſe Heat may exi/# even under the form of /en/ble 
Heat, where its preſence cannot be diſcovered or 
detected by us; and as it ſeems highly probable 
that in many caſes, where its exiſtence may eſcape 
our obſervation, it may nevertheleſs be capable of 
producing very viſible effects, I think we ought 
always to be much on our guard in accounting for 
effects ſimilar to thoſe which are known to be pro- 
duced by Heat ; and never, without very ſufficient 
reaſons, attribute them to the agency of any other, 
unknown power : and this caution appears to me to 
be peculiarly - neceſſary in accounting for thoſe 


effects which have been found to be produced in 


various bodies when they are es to the action 
of the ſun's rays. | | 
If the ſolar rays concentrated in the focus of a 
lens, when they are made to fall on a piece of 
wood, inſtantly change its ſurface to a black colour, 
and reduce it to charcoal, why may we not con- 
clude that the change of colour which is gradually 
or more e Jowly produced in the ſame kind of wood, 
when 
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when it is ſimply expoſed in the ſun-beams, is pro. 


duced in the ſame manner: 
The difference in the times neceſſary to produce 


Ginilar effects in theſe two caſes is no proof that 


they are not produced in the ſame manner; for if 
they are effected merely by the. agency of Heat, 
(which I ſuppoſe) then the effects produced in any 
given time will not be as the denſity of the light, 
or as the number of rays, but, as that part of the 
Heat generated, which, not being immediately dil. 

perſed or carried off by the air, has time to pro- 
. duce the action proper to it in the wood; and con- 
ſequently muſt be incomparably greater, in propor- 


tion, when the rays are n , than when 


a are not. 
Luna \ cornea expoſed to the aten of light 


changes colour; — but why ſhould we not attribute 


this change to the expulſion of the oxygen united 
with the metal, by the agency of the Heat generated 
by the light? To remove every poſſible objection 
to this explanation of the phenomenon nothing 
more appears to be neceſſary than to admit, what 
is well known, that this metallic oxyd may be 
reduced, without addition, with ſome degree of Heat, 
—and that this um is a bad conductor of 
Heat. 

Will not the admiſſion of our e hypochefi re- 
fpeRing the imenſity of the Heat which is ſuppoſed 


to be generated where light is ſtopped, and of that 


reſpecting the non. conducting power of Fluids 
with regard to Heat, — us to account, in a 


manner 


. r — a6 - = 


R—_— .. 


manner more ſatisfactory than has hitherto been 
done, for the effects of the ſun's light in bleaching 
linen, when it is expoſed wet to the action of his 
direct rays ? as alſo for the reduction of thoſe me- 
tallic oxyds which have been found to be revived 
y expoſure to light ?—And will it not alſo aſſiſt us 
in accounting for the production of pure air in the 
beautiful Experiment of Doctor Ingenhouz, in 
which the green leaves of living vegetables are ex- 
poſed, immerſed in water, to the ſun's rays! 

Mr. Senebier has ſhown that the colouring matter 
of healthy green leaves of vegetables, which is 
extracted from them by ſpirits of wine, and which 
ünges the ſpirits of a beautiful green colour, is 
(eltroyed, or rather changed to a dirty brown 
colour, in a few minutes, en expoſing this tincture 
in a tranſparent phial, and in contact with pure air, 
to the direct rays of a bright ſun :—but why ſhould 
ve not conſider this proceſs as a real combuſtion ?' 

The Heat acquired by the liquid, —which, as I 
have often perceived in repeating the Experiment, 
is very conſiderable, and the neceſſity there is for 
the preſence of pure air, that the Experiment may 
lucceed, ſeem to indicate that ſomething "OM like 
combuſtion muſt take place in it. 

If liquids are non- conductors of Heat, they ought 


certainly, on that account, to be peculiarly well — | 


culated for confining, and conſequently furthering 


the operations of that Heat which 1s generated by 


lght, or by any other means, in their integrant par- 
ticles, or in the infinitely ſmall and inſulated par- 


ticles 


. r 
* . £4 


1 Ha,? 358 


— 
— ; 
Derr SHY 
2 * 


Nr e 
— 8 TY 7 LT - 0 — 7 y 
* * „ 3 5 


125 
' 4 
* ; [7 
bs 
qc 
7 
1 
2 
+ + © 
s * «A 
4 Z 10 * 5 
$ ; 
. ö + 1 
"I 7- Ll 
14 
1 
* 5 1 
e 
iS 
f 1 7 
F 
5 
„ 


354 Of the Propagation of Heat 
ticles of other bodies that are diſperſed. about, or 
held in ſolution in them ; as I have already more 
than once had occaſion to obſerve. 
If this ſuppoſition be admitted, a very great diff. 
culty will be removed in accounting for chemical 
ſolution on the hypotheſis that the change of form 
from a ſolid to a fluid ſtate is in all caſes a real fi- 
ſion; or that it is affected by the /ole agency of 
Heat; and that concretion, or cryſtallization, is 
a proceſs in all reſpects perfectly analogous tg 
freezing. 

There are but three forms under which ſenſible 
bodies are found to exiſt ; —namely, that of 2 
folid—that of a fluid—and that of an ela/tic fluid, 
or gas; and it is well known that every ſubſtance 
with which we are acquainted— all ponderable mat. 
ter without exception,—1s capable of exiſting alter. 
nately under all thoſe forms indifferently ; and that 
the form under which it appears at any given tint 
depends on its temperature at that time. 

We know farther that every identical ſubſtance 
undergoes theſe difterent changes of form at certain 
fixed temperatures: and when we conſider the 
ſubject with attention we ſhall find that, had not 
theſe temperatures been fxed—and had they not 
been different in different bodies, it would have 
been utterly impoſſible for us to have identified 
any ſubſtance whatever. 

Perhaps this is the only eſſential difference that 
really exiſts among bodies that appear to us to be 


different. 
But 
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WM But not only the degrees of Heat, or points in 
Wc ſcale of temperature, at which the forms of dif- 
erent bodies are changed, are various; but the 
extent of the variation of temperature axles which a 
ll fabſtance can preſerve, or continue to maintain its 


ibm in its middle fate, —that of fluidity—or rather 


liquidity, —is very different in different bodies: and 
ds laſt circumſtance has a wonderful effect in in- 
WY creaſing the variety of the compoſitions and decom- 
WW poſitions which are continually taking place in the 

rarious operations of nature on the ſurface of the 
obe. 
Another circumſtance, not leſs prolific in events, 
s me union which takes place between bodies of 
bi: rrent kinds; and thoſe moſt important changes 
n regard to the degrees of Heat which the bodies 
þ united can ſupport without having their forms 
changed, which are found to reſult from tuck 
union. 


unpounded, we ſhall perhaps be able to conceive 
bme more diſtin ideas with regard to the nature 
af thoſe mechanical operations which take place in 
chemical proceſſes. —I call them mechanical, for 
nechanical they muſt of neceſſity be, according to 

e moſt rigid interpretation of that expreſſion. 
But the hypotheſis of the exiſtence of intenſe 
Heat in the midſt of cold liquids is ſo new, and 
ſeems 
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When, to the eſtabliſhed laws which have been 
liſcovered in the operations of nature in the change 
ak form in ſubſtances that appear to us to be / emple, 
ve add thoſe which have been found to obtain in 
he changes of form of bodies that are known to be 
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ſeems to be ſo contrary to the reſult of all our JA 
perience and obſervation, that I feel it to be neceſ- 


ſary to take ſome pains to illuſtrate the matter. 
And firſt, we muſt not expect always to find 
traces remaining of the exiſtence. of intenſe Heat, 5 
even where there are the ſtrongeſt reaſons to think 1 
it has actually exiſted ; for as often as Heat is dif. 
perſed, or carried off, before it has had time to pro. . 
duce any changes of form, or chemical changes or X 
combinations in the bodies to which it is commu. 
nicated, it leaves no marks behind it. N 
Fire- arms are often found to miſs fire, even when 7 
many live ſparks from the flint and ſteel actually. 


fall into the pan among the priming ; but nobody 
ſurely, will pretend that the ſmall particles of red 
bet iron which fall among the grains of the gun 
powder, and cool in contact with them, are not in- 
tenſely hot ;—incomparably more ſo than would be 
neceflary to inflame the powder were their Heat 0 
ſufficient duration to produce that effect. Had theſe 
ſmall ſparks been inviſible, it is highly probable that 
their exiſtence would never have been ſuſpected, 
and that the fact which they prove would not have 
been believed. | 
That gunpowder may be inflaaied; it is neceſſary 
/ that the ſulphur which conſtitutes one of its compo- 
nent parts ſhould be firſt melted, and then boiled: 
for it is the vapour of boiling ſulphur which always 
takes fire when gunpowder is kindled. 
| Were melted ſulphur a conductor of Heat, there 
is reaſon to think that gunpowder would be ver 
far from being ſo inflammable as we find it to be. 
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As thoſe who have not been much accuſtomed 


ind ſome difficulty in concelving how it is poſſible 


feds, I feel it to be my duty to put that matter in 
the cleareſt light poſſible, and to ſhow that what I 
fave conſidered as being probable is moſt undoubt- 
edly very far from being impoſſible. 

The beſt method of proceeding in inquiries of 
this kind, where the principle object is to diſcover 
"W whether a ſuppoſed event, which, from its nature, 
cannot fall under the cognizance of our ſenſes, is, 
rr is not poſſible, ſeems to me to be, to begin by 
ſuppoſing the event to have actually taken place, 


ompare them with thoſe appearances which are 
tually found to take place. i 


of pure water, at the mean temperature of the at- 
noſphere in England, that of 5 5 F., to be put into 
clean and very tranſparent glaſs tumbler, placed 
na window and expoſed to the direct rays of the 
im. If the glaſs and the water are both perfectly 


ted in either of them by the ſun's light. 

It now a ſmall particle of any opaque ſolid body 
e ſuſpended in the midſt of the water in the tum- 
ler; thoſe rays of light, which i impinging againſt 
bh are : abſorbed by it, muſt neceſſarily generate 


2 


«4 


to meditate on the ſubject under conſideration may 


or intenſe Heat to be excited in, or to exif in the 
midſt of a maſs of any cold liquid, as of water for 
'W inftance, without immediately producing viſible ef- 


ad then to trace its neceſſary conſequences, and 


| Adopting this method, we will ſuppoſe a quantity | 


hanſparent, it is evident that no Heat will be gene- 


Heat 
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Heat in the very moment when they are ſtopped, 
This is an incontrovertible fact, wr nobody will 
diſpute. 
In order to render this imaginary Experiment 
more intereſting, we will ſuppoſe the ſolid body put 
into the water to be a ſmall particle of yellow am. 
ber; and that its ſpecific gravity is ſo exactly equal 
to that of the water that it has no tendency to move | 
in it, either upwards or downwards, and conſequently 
will remain in the ſituation where it is placed, with 
out being ſuſpended ; and we will ſuppoſe farther, 
that this ſolid particle of amber is nearly globular, 
and +45 of an inch in diameter, which is juſt equal 
to the diameter of a ſingle thread of ſilk, as ſpun by 
the worm; and is probably one of the ſmalleſt ob- 
jects that is perceptible by the human eye, unaſſiſted] 


by art. 
As it is evident that 1 muſt be generated, or 


excited, in this ſmall particle of amber, by the light 
Adee or abſorbs, the points which remain to be 
diſcuſſed are, therefore, what its inten/ity is at the 
moment of its exiſtence ? and what are the effect: 
which it ought to produce in conſequence of that 


The reaſons have already been mentioned which 
render it probable that when heat is generated by | 
the rays of light 1 its intenſity, where it is generated— 
and before it has been diminiſhed in conſequence 
of its diſperſion, is always the ſame : and taking! 

it for granted that this is the caſe in fact, we will 


endeavour to trace the operations of that Heat,” 
extreme 
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extteme in its intenſity, | or degree, but ſmall i in re- 
pard to its quantity, or to the ſpace i it occupies, 
which is generated in the particle of amber in the 
Experiment under conſideration. 

As this Heat muſt firſt exiſt where it is gene. 
rated, it is evident that it muſt exiſt at the ſurface 
of the particle of amber; and as all ſolid bodies 
are, in a greater or leſs degree, conductors of Heat, 
a part of this Heat will penetrate the ſubſtance of 


the ſolid particle, while another part of it will be 
carried off by the cold particles of water in contact 


with the ſurface thus heated by the light. 

It femains therefore to be determined what the 
effects are which this Heat ſo abſorbed, on the one 
hand, by the ſolid particle of amber, and commu- 
nicated to the water on the other, ought neceſſarily 
to produce. And firſt, if the diſperſion of the 
Heat by both theſe means ſhould be ſufficiently 
rapid to prevent its accumulation to ſuch a degree 
as to melt the amber; it is evident that no viſible 
effects by which its exiſtence could be diſcovered 
would be produced in that ſubſtance ; and this 
event—(the fuſion of the amber)—will depend on 


three circumſtances ; namely; Fir/?, on the tempe- 


rature at which amber melts ;—Secondly, on the 


facility with which Heat expands and is diſperſed 


in a ſolid maſs of that ſubſtance, or on its conduct- 
ing power and 7. hirdly, on the rapidity with 
which the Heat generated at the ſurface of the 


amber is carried off by the cold Fluid i in which i it is 


immerſed. 
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| Though I do not think there would be any rea- 
ſon for ſurpriſe, even admitting the exiſtence of the 
ſuppoſed intenſe Heat, ſhould the amber be found 
not to be melted under the ciremmſtances deſcribed; 
yet it appears to me to be extremely probable, 
that if amber, in a very fine powder, were mixed 
with any tranſparent oil, capable of ſupporting a 
great degree of Heat without being reduced to 
vapour, and expoſed . in it to the direct rays of a 
very bright ſun, the amber-would melt, and be dif. 
ſolved, though perhaps very ſlowly. * | 
But if amber does not melt when expoſed in 
water to the action of the ſun's beams, and conſe- 
quently ſuffers no viſible change by which the ex- 
iſtence of the Heat ſuppoſed to be generated at its 
Turface by the light can be detected, ought not this 
Heat, were it in fa& as intenſe as it is ſuppoſed to 
be, to produce ſome viſible effects in the water, by 
_ which its exiſtence would neceſſarily be diſcovered? 


| To reſolve this doubt, we muſt inquire what | 


viſible effects it would be poſſible for the Heat in 
queſtion to produce in the water. Now if we ſup- 
poſe the water not to be decompoſed by this Heat, 
which, as no chemical change is ſuppoſed to take 
place in the amber, cannot happen, the only effect 
this Heat can poſſibly produce on the water is an 
increaſe of its temperature, which increaſe mult, 
however, be much too ſmall to be detected, either 

by the feeling, or by the thermometer. - 
It might perhaps be expected that eam 5 
be found at the heated ſurface of the particle of 
Hs amber, 
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amber, and become viſible; but when we conſider 
the matter for a moment, we ſhall ſee that it is 
quite impoſſible that ſuch an event ſhould happen ; ; 


for even on the ſuppoſition (which however is far 


from being probable)—that the ſame individual 
particles of water which come into contact with the 
hot ſurface of the amber ſhould remain in contact 
with it till their temperatures ſhould gradually be 
raiſed to that point at which water is changed to 
ſteam ; yet, from the extreme rapidity with which 
ſteam condenſes when in contact with cold water, 
it is evident that it could not exiſt an inſtant under 
the circumſtances here ſuppoſed. Indeed we have 
direct proofs that ſteam cannot exiſt under ſuch cir- 
cumſtances, by what is found to happen when large 
maſſes of iron, or ſteel, raiſed to a moſt intenſe 
heat, in a blaſt furnace, are ſuddenly plunged into 


cold water, by ſmiths, in tempering edge-tools ; for 


theſe maſſes of red-hot metal may be diſtinctly ſeen 
to be in actual contact with the cold water; and did 
not a part of the water, which is decompoſed by the 
hot iron, make its eſcape in the form of inflamma- 
ble air, it is not probable that there would be any 


viſible appearance from which the formation of 


ſteam could be ſuſpected. 

Hence we ſee the poſſibility of the exiſtence of 
imenſe Heat in the midſt of a maſs of cold water, 
or of any other tranſparent liquid, without pro- 
ducing any viſible effefts ; or leaving behind it any 
traces by which its exiſtence could be ſuſpected. 


Let us now conſider a caſe in which this intenſe - 


Heat, though perfectly imperceptible on account 
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of the extreme minuteneſs of the particles of mat« 


ter in which i it exiſts, is capable nevertheleſs of pro- 


ducing very viſible effects. Let us ſuppoſe a ſolu- 
tion of nitro · muriate of gold, in water, to be ex- 
poſed to the action of the ſun's rays. If this ſo. 
lation were perfectly tranſparent, no Heat could 
poſſibly be generated i in it by light; but as it is not 
ſo, Heat, in the higheſt degree of intenſity, muſt 

festarliy be generated by thoſe opaque particles 
(of the oxyd of gold) by which it is ſtopped. Now 
: 2d gold is a very heavy ſubſtance, it is evident 
that it muſt be reduced to extremely ſmall par- 
ticles, in order that, when changed to an oxyd by 
its union with Oxygen, it may be diſſolved in and 
continued ſuſpended in water; and it is clear that 
the ſmaller any inſulated particle of matter is, at 
the ſurface of which Heat is generated in conſe- 
quence of the abſorption of light, the more ſud- 
denly muſt the Heat ſo generated be diſperſed | 
through the whole ſubſtance of the particle, and 
the more equally and more intenſely muſt that par- 
ticle be heated: from hence it appears evidently, q 
that if the particles of the oxyd difperſed about in 
the water are but /mal! enough, the Heat generated 
in them by the ſun's rays will be ſufficient to 
expel the oxygen united to the gold, and revive 
that metal. 

There is one very obvious objection, that will | 
doubtleſs be made to this concluſion, which,, how- 
ever, may eaſily be removed. The particle of the | 
metallic oxyd which is ſuppoſed to be heated, is in 
contact with the water; how does it happen that 
a great 


2 great part of this Heat does not immedi ately paſs 
off into that cold Fluid ? I might anſwer, beckitfs 
both water and ſteam 4re non-conduQors of Heat; ; 
—and might adduce in ſupport of this reafon the 
well known fact, that a drop of water dropped on 
a piece of iron, heated to moſt intenſe white Heat, 
will remain ſome time on the iron without being 


| evaporated, even conſiderably longer than if the 


iron were much leſs hot ;-—but a circumſtance | 
attending the beautiful Experihait! in which iron 
is burned in oxygen gas, affords a more direck 
proof of the fact in queſtion. 
As this Experiment i 18 commonly made, the! iron, 
which is a piece of ſmall wire, a few inches long, 
is introduced into a bottle, with a narrow neck, 
which contains the oxygen gas; the wire en 
fixed in its place, by cauſing its upper end to paſs 
through a'cork ſtopple, which is fitted to the mouth 
of the bottle. The lower end of the wire is pointed; 
and it is ſet on fire by being firſt heated in the flame 
of a candle, and then plunged ſuddenly, while red- 
hot, into the bottle. The combuſtion begins the 
moment the end of the wire enters the oxygen gas; 
and the metal continues to burn with the utmoſt 
violence, and with a copious emiſſion of intenſe 
white light, till the wire, or till all the gas is con- 
ſumed, affording one of the moſt brilliant and moſt 
Intereſting ſights that can be imagined. 
The product of this combuſtion is the oxygena- 
tion of the iron; and this metallic oxyd, in a ſtate 
of fuſion, and beste to the molt intenſe white Heat, 


EEY falls 
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falls to the bottom of the bottle. i in globules of dif. 
ferent ſizes. 
1 protect the glaſs againſt choke drops of calx 
of iron in fuſion, it is uſual to leave a quantity of 
cold water in the bottle, enough, for inſtance, to 
cover its bottom to the height of about an inch: 
but I have frequently ſeen numbers of theſe glo- 
bules, much ſmaller than peas, which-have not only 
deſcended red-hot through the water; but have re- 
mained red-hot at the bottom of the bottle, ſur- 
rounded by the water, at leaſt two or three ſeconds; 
and actually melted the glaſs on which they repoſed, 
(and as far as I can recollect,) without Pe 
the ſmalleſt appearance of ſteam. 

The water could not be decompoſed, for the iron 
was already ſaturated with oxygen. 

This Experiment will, I fancy, be conſidered as 
affording an indiſputable proof that intenſe Heat 
may exiſt, at leaſt for a ſhort time, in a ſmall par- 
ticle of matter ſurrounded by a cold Fluid. | 

Now, as it has been found by actual Experiment, 
that when a ſolution of nitro-muriate of gold in 
water 1s expoſed to the action of the ſun's rays, the 
gold is revived ; and as it is known that an oxyd of 
gold may be = 138} in the dry way, without 
addition, or merely by intenſe Heat, why ſhould we 
not conclude that it is merely by Heat that that 
metal is revived in the caſe under conſideration, — 
and that the intenſity of the Heat by which this 
oxygenation is effected, is preciſely the ſame in both 


caſes? 
Should E 


. 365 

Should this ſuppoſition be admitted, we might, 
perhaps, venture to proceed one ſtep farther, and 
conſider the nature and progreſs of the mechanical 
operations which take place in diſoxygenation of 
metals, or their precipitation from a ſolution of 
their oxyds, when that operation is effected by means 
of Heat generated, - not by light, - but by the con- 


in Fluids. | 


tat or union of infinitely ſmall particles of bodies, 


different in kind, and diſpoſed to generate or to 


abſorb ſenſible Heat on coming together ; which 


particles being diſperſed about in the liquid ſolution, 
and in the ſubſtance added to it to effect the preci- 
pitation, are by this mixture brought into contact. 

This would naturally lead us to an examination 


of the phenomena of ſolution, —and thoſe clearly 


underſtood would, no doubt, give us a diſtin& view 
of the mechanical operations by which thoſe ten- 
dencies to union are effected, which have been 
deſignated under the name elective attraction. 
But how arduous an undertaking ! what intenſe 
ſtudy !—what efforts of the imagination would be 
neceflary to trace out and form diſtinct ideas of 


ſuch a ſucceſſion of events, all perfectly impercep- 


tible by our organs, — aſſiſted vy all the 
reſources of art ! 

Senſible of my own weakneſs, I dare not 8 
any farther.— Perhaps it will be thought that 1 
have already advanced much too far ;—but it is 
tight that I ſhould acknowledge fairly, that in the 
preſent caſe, the temerity I have ſhown has not 


been entirely without deſign. | 
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There are tu ways in which philoſophers, as 
well as other men, may be excited to action; and 
induced to engage zealouſly i in the inveſtigation of 
any curious ſubje& of inquiry :—they may be 
enticed, ,—and they may be provoked. 

It will probably not eſcape the penetration of m 
reader, that J have endeavoured to uſe both theſe 
methods,—I am well aware of the danger that 
attends the latter of them ; but the paſſionate f fond. 
neſs that I feel for the favourite objects of my pur. 
ſuits frequently hurries me on far beyond the 
bounds which prudence would mark to circum. 
ſcribe my dventurous excurſions, 


S An Account if a Variety of M iſcellaneous Experi- 


nent. — Thermometers with cylindrical Bulbs may 
be uſed to ſhow that Liquids are Non. conductors of 
Heat. Ice- cold Water may be heated and made to 
boil tanding on Ice.—Remarkable Appearances at- 
tending the thawing of Ice, and the melting of Tal- 
low, and of Bees*-Wax, by means of the radiant Heat 
profected downwards by a red-hot Bullet. — Beautiful 
Cry/tals of Sea-Salt formed in Brine ſtandingon Mer- 
cury.— Olive Oil ſoon rendered colourleſs by Expoſure 
to the Air flanding on Brine. An Attempt to cauſe 
radiant Heat from a red-hot Iron Bullet to deſcend 
in Oil. — Account of an artificial Atmoſphere in 
which horizontal Currents were produced by Heat. 


— — reſpecting the proximate Cauſes of the 
Winds 


HOUGH this Eſſay is already grown to a much 


even larger than I could have wiſhed ; ; — (well 
knowing how great an evil a great Book is gene- 
rally thought to be ;)—I could not bring it to a 
co neluſion without adding one Chapter more. In 
this Chapter the reader will find accounts of ſeveral 
Experiments, ſome of which he will probably con- 


 fider as not altogether unintereſting. To take up 
as little of his time as poſſible I ſhall be very brief 


in 


larger ſize than I originally intended, and 
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in theſe accounts, and in general ſhall leave the 
reader to draw his own concluſions from the 


reſults of the Experiments I ſhall deſcribe. 


§ 1. An Account of ſeveral ſimple E xperiments, which 
ſhow that Heat does not deſcend in Fluids, | 


If a thermometer conſtructed with a long and | 
narrow, naked Saga bulb,— (6 inches long, 
for inſtance, and : an inch in diameter,)—and 
filled with mercury, oil, ſpirits of wine, or any 
other Fluid proper for that purpoſe, with which it 
is required to make the Experiment in queſtion; 
ſuch thermometer being at the temperature of the 
air in ſummer, or at any temperature above the | 
point of freezing water, if the lower end, or half, 
of its bulb be plunged into a glaſs tumbler filled 
quite full to the brim with pounded ice and water, 
the height of the Fluid in the tube of the inſtru- 
ment will ſhow that Ha. if the Fluid in the cylindrical 
bulb of the inſtrument is ice-cold, while the tem- 
| perature of the other half of it remains un- 
changed. 
Ihe reſult will be the fame, when, to prevent 

the communication of Heat from the air during 
the Experiment, that part of the bulb of the ther- 
mometer (the ſuperior half of it) which projects 
above the level of the top of the tumbler is 
covered with a ſheath lined with ſoft fur. 

When more or leſs than half of the bulb of the 
thermometer is plunged into the ice and water, the 


_ of the liquid in the tube of the inſtrument 
. will 


> 
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vill ſhow that that part only of the Fluid in the 
bulb is cooled which occupies the part of the bulb 
that 18 immerſed in the ice and water. 


92. Te. cold Water, landing on Ice, may be heated and 
made to boil without melting the Ice, contrary to an 
Opinion that has generally prevailed. | 


Take a thin glaſs tube, 1 inch in diameter, and 
about 8 or 10 inches long, containing about two 
or three inches of water, and by plunging the end 
of the tube into a freezing mixture of pounded ice 
and ſea-falt cauſe the water in the tube to congeal : 
this being done, pour two or three inches of ice- 
cold water on the ice; and wrapping up about two 
inches of the lower end of the tube with a piece 
of flannel, and holding it inclined at an angle of 
about 45"; by that part of it which is ſo covered, 
bring that part of the, tube which is at the height 
of the ſurface of the Fluid-water to be juſt over 
the point of the flame of a burning candle, and 
diſtant from it about two or three inches. When 
the water in that part of the tube begins to boil, 
the tube may be advanced ſlowly over the flame of 
the candle; and if due care be taken to prevent a 
too ſudden application of the Heat, all the water 
in the tube to within one quarter of an inch of the 
ice may be brought into the moſt violent ebullition 
before the ice will begin to be melted, and at laſt 
nil appear to boil even at the very ſurface of the 
Ke, 


S 3. 
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83. The radiant Heat from a red-hot Iron Bullet ae 
not appear to be able to make its Way downward; 
through liquid Water, nor * melted Tallau, 

mor melted Nax. 


if Experiment, —A very ſmall mercurial ther. | 
mometer, with a naked globular bulb, was laid 
down in an horizontal poſition on two ſmall pro- 
jections of wax, in the bottom of a ſhallow wooden | 
diſh, in ſuch a manner that the engraved fide of the 
ſcale of the thermometer lying uppermoſt, the height 
of the mercury 1n its tube could be obſerved. This 
being done, I poured cold water into the diſh till it 
| ſtood at the height of about ; of an inch above the 
bulb of the thermometer, and then preſented to 
the thermometer an iron bullet about 12 inches in 
diameter, red-hot, which I held (by means of a fit 
handle) directly over its bulb at the diſtance 
about an inch, 

The thermometer ſeemed to take very little 
notice of the vicinity of the red-hot iron. 

When its bulb was covered with oil the reſult 
of the Experiment was much the ſame; but when 
it was expoſed naked, or uncovered, by a liquid, to 
the rays from the hot iron, it appeared to acquire 
Heat very rapidly, But the two following Expert 
ments were {till more deciſive and ſatisfactory. 

2d Experiment, — A ſhallow earthen diſh, about; 
inches deep and 12 inches in diameter at its brim, 
Was filled with water, and being expoſed in a cold 


room in winter, the water was frozen, and formed 
a cake 


0 


1 cake of ice at its ſurface, about an inch thick. 

Letting the diſh remain in its place, 1 in order that 
the ſurface of the ice might remain perfectly hori- 
zontal, (which was neceſſary to the complete ſuc- 
ceſs of the Experiment, as will preſently be ſeen,) 
| entered the room with a chafing-diſh filled with 
live coals, in the midſt of which was my iron bul- 
let, perfectly red-hot; and taking out the bullet 
from among thoſe burning coals, I held it over the 
centre of this horizontal ſheet of ice, and diſtant 
from it about Y of an inch. [i 

The ice directly under the red-hot bullet was 
ſoon thawed ; but the depth to which it was 
thawed was very inconſiderable : the water, how- 
ever, extended itſelf ſlowly from the centre towards 
the circumference, and at length a circular ſpot 2 
or 4 inches in diameter in the centre of the ſurface 
of the ice was covered with it, though but to a 
very inconſiderable depth. 

This little ſpreading ſea appeared to prey on the 
wall of ice by which it was ſurrounded on every 
ſide. 

The particles of water in a with this wall, 
being rendered ſpecifically lighter on becoming 
ice-cold, they move upwards, and making way for 
other warmer particles to advance from below, 
cauſe currents in oppoſite directions to ſet between 
the centre (where the hot-iron remains) and the 
arcumference.—As a current at the temperature 
of 41* muſt neceſſarily ſet downwards at the mid- 
dle of the circle, this current ſtriking againſt the 
middle of the excavation formed in the ice ought 
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to deepen it gradually in that part, though but ſlow. 
ly, — and this is what was actually found to be the 
caſe.; for the bottom of this excavation was not 
perfectly flat, but was deeper at and near its centre 
than at its ſides. 
34 Experiment. — When this Experiment was va- 
ried by uſing a flat cake of tallow inſtead of a cake 
of ice, a very extraordinary appearance indeed 
preſented itſelf, which at firſt ſurpriſed me very 
much, but which I ſoon perceived was a new, and 
very ſtriking proof that Fluids are non-conduttors 
of Heat. | | 

The bottom of the circular cavity in the cake 
of tallow which was occupied by that part of the 
tallow that had been melted in the Experiment, | 
inſtead of being concave, as I had found that in 
the ice to be,—or flat, — as I expected to find 
this, —was convex in the middle, or rather roſe up 
in the form of a protuberance, or very blunt point, 
the extremity of which reached almoſt to the ſur- 
face of the melted tallow | As the iron bullet was 
held as near as poſſible to the tallow, the end of 
this projection, which remained unmelted, was cer- | 
tainly not more than , of an inch diſtant from | 
this red-hot ball! Reflecting on the unexpected re- 
ſult of this Experiment I was much ſtruck, and not 
a little kumiliated, with the proof it ſeemed to me 
to afford of the impoſſibility of predicting with 
certainty any event, however inevitable it may 
appear, which has not actually been ſeen to 
happen. 


Though 
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Though: I well know how the Heat muſt be 
communicated under the given circumſtances, and 


could foretell with certainty the directions of the 


currents it muſt neceſſarily occaſion in the melting 
tallow; yet, the utmoſt efforts of my intellectual 
powers, exerciſed as they were by much meditation, 

were not ſufficient to enable me to foreſee that the 
yoint where leaſt Heat would be communicated was 
that preciſely which was neareſt to the red-hot bullet; 
and that a protuberance of unmelted tallow would 
be left in that place. 


made ! 
On repeating this Experiment, and varying it by 


berance, however, in the middle of the circular 
cavity occupied by the melted wax, though per- 
kAly perceptible, was leſs conſiderable, in height, 
an that in the cake of tallow. 


\ 4. Beauti 2 Cry/tals of Sea- Salt formed in Brine 
/tanding on Mercury. 


A ſmall quantity of ſtrong brine, ſtanding on 


adent been left in a room in a retired part of the 
louſe, I obſerved' at the end of about ſix months, 
at two beautiful cryſtals of ſalt, perfectly qua- 
irangular, had been formed in it, one of which 
VIS 5 of an inch long, £5 of an inch wide, 
and. 


Let thoſe be very cautious who ſpeculate on the 
ſuppoſed reſults of Experiments they have never 


uling a cake of fine bleached bees-wax, inſtead of 
allow, the reſult was much the ſame : the protu- 


mercury in an open glaſs tumbler, having by ac- 


_— 5 . 8 4 1 ' - + — 
> 8 IS rr SO names 
. kt 3.5904 


of 
ng 2 
— — Ir nn" 7 2 = 
009 - 


* 
* 


1 
1 


as A 2 


' 
4 
; 
3 
[ 
{ 
N 
k 
[1 
: 
4 
* 


* 
n 
Lo 
1 
4 

* 
1 
MF 


a : \ 
4 
1 2H ; 
: HH 
1 71 
1 * 
3 =; 
1 
- 3 
"8 
15 
Te 
; .. 
, Fl 
A F 
* 
2 7 
1 5 
1 8 
13 © 
Þr yg 
* "1 
pf 
* . 
1 
1 
* EY 
Þ ; 
1 
4 
+1 
17 
'S 
FF 
5 
4 
2 Ig N 
= 
. 
3 
1 
[7 
—_ 4 
FS 
8" 
F 
1 
1 
8 
0 
„ 2 
- 8 
i 
34 
5 
1 
cy 
Fg 
1 
7 
+, L 
_ hh 
. 
1 
b 1 
« 7 
ii A 
8 7 
: % 7 
+4 i 
* = 
© 308 
5 
i 
* 
a 1 
* 
FW 
$ 3 y 
: 31 
2 TY 
1 
1 
1 
z& 
. 41 
'4 j1 
{2 JS 
M 
i we - 
88 
4! 
— 3s 
— * 
N - x 
13 
"4, 
: 2 
- ws 
4 - 7 
' 
4 
" 
Fs 
1 * 
3 
F * 
} 
#4 1 
LL \ L 
1 
5: = 
a ; „ 
— 18 
FR þ 
. 
F 
© 
TH 
1 
"4 
. Wy 
n + 
Js 
{4 
* . 
2 
* 
- 
1 
x 
Fe 
. 
„ 
E 
i 
ef 
[ £5 
* 
* 
+ Af 
4 
2 
1 
1 
3 
? 
* M 
© 
4 
8 
BB 
*: 
4 - 
3% 
»4 
: 
45 1 
2 
1 
1 
v 
2 
1 
1 
* 
o 
4 
o 
* 
5 
7 
. 1 
7 


374 Of the Propagttion of Heat 


and of an inch in thickneſs; and the other 22 of 
an inch long, 48 of an inch wide, and 38 of an inch 
Did the Fluid mercury on which this btine re. 
poſed contribute ?—and how ?—to the regularity 
of the form, and the uncommon ſize of theſe 
cryltals?—And might not beautiful cryſtals of 
other ſalts be procured by ſimilar means? 


$ 5. Oltve Oil rendered colourleſs by Expoſure to the 
Air ſtanding on Brine. 

A quantity of alive oil, about 2 of an inch in 
depth, having by accident been left ſtanding in 
an open glaſs jar, about four inches in diameter, 
on about a quart of brine, moderately ſtrong, in 
a retired room, where the ſun's rays never enter; 
at the end of about fix months I obſerved that 
the oil had become perfectly colourleſs, and ap- 

peared to me to be nearly as tranſparent as the 
pureſt water. On the approach of winter I found 
that this oil was much more liable to be congealed 
with cold than oil of the ſame kind which had 
ſtood near it many months in a large glaſs bottle 
"cloſed with a cork. 


§ 6. An unſucceſsful A ttempt to cauſe radiant Heat 

rom à red-hot Iron Bullet to deſcend in Oil. 
Having poured a quantity of this colourleſs oil 
into a glaſs tumbler, and cauſed it to congeal} 
throughout, I preſented to its upper ſurface a red 
hot iron bullet, 1 inches in diameter, and held 
- 


If 
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it quite cloſe to the oil, ſeveral minutes, till the 
bullet ceaſed to be red-hot. As the oil ſeemed 
rather to be merely thickened by the cold, and to 


have loſt its tranſparency in conſequence of the 
preſence of a number of opaque particles, which 


' were everywhere diſperſed about in it, than to be 


congealed into a ſolid maſs, I thought that if it 
were poſlible for radiant Heat to deſcend in any 
Fluid it might perhaps be in this; and if this ſhould 
happen, I was certain to make the diſcovery by 
the manner in which the oil recovered its tranſpa- 
rency ; for ſhould radiant Heat deſcend, the form 


of the maſs of oil firſt reſtored to its tranſparency 


muſt neceſſarily have been hemiſpherical, or ſome 
ſection of a ſphere, or at leaſt of ſome convex 
figure: but the under part of that part of the oil 


which was reſtored to its tranſparency in this Expe- 
riment was, to all appearance, as perfectly flat and 
horizontal as the upper ſurface of it, which proves 


that the Heat, by which the congealed oil was 
thawed, was communicated to it,—not immedi- 
ately by the red-hot bullet, — but mediately by 
means of the Heat abſorbed. by or generated in the 


ſides of the tumbler. This Experiment appears 


to me to be important in many reſpe&s ; but it 
would be foreign to my preſent purpoſe to engage 
in an inveſtigation of the ſubject with which it is 
moſt intimately connected. 

I cannot finiſh this Eſſay without giving my 
reader an account of one more Experiment, the 
reſult of which was not only quite unexpected, but 
uncommonly intereſting. | 
W DD Happen- 
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Happening accidentally to place in a . window 
the little inſtrument I had contrived for rendering 
viſible the internal motions which are occaſioned 
in water when Heat is propagated in that Fluid*, 
as it was winter, and the room was warmed by 
a German ſtove, that fide of the inſtrument which 
happened to be neareſt the window being expoſed 
to a current of cold air, while the inſtrument re- 
ceived Heat continually on the other ſide from the 
warmer air of the room, the liquid in the inſtru- 
ment was thrown into motions which never cealed, 
and afforded a very intereſting ſight. 

With a view merely to amuſe myſelf, and the 
friends who ſhould happen to call in to viſit me,— 
and without the ſmalleſt expectation of making 
any new diſcoveries, —l contrived, and cauſed to 
be executed, the inſtrument I am now about to 
deſcribe, which I thought could not fail to render 
theſe motions perpetual, and exhibit them in a 
ſtriking manner. | 

A flat box was formed of two equal panes, each 
13 inches high, and 104 inches wide, of fine 
ground glaſs, fitted into a ſquare frame of brals 
in ſuch a manner, that theſe two panes (which are 
parallel to each other) are at the diſtance of 1 
inch from each other. In the middle of the top 
of this braſs frame there is a circular opening 
about : an inch in diameter, into which a project- 
ing cylindrical braſs tube, about- half an inch in 
length, is ſoldered; and in the middle of the bot- 


For a deſcription of this inſtrument ſee Chapter II, of Part I. of | 
mis Eflay, 


tom 
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tom of the frame there is a ſimilar tube which 
projects downward. -- The firſt of theſe openings 
ſerves for introducing into the flat box the liquid 
with which it is filled; and the other for drawing 


it off; and they are both well _ with fit 
App tes of cork. 


On both ſides of this braſs frame there are 


deep grooves into which the panes of glaſs are 
fitted, and the box was made water. tight by luting 
the joinings of the glaſs with the frame with gla- 
ziers putty. On the outſide of the frame there 
are thin projections of ſheet braſs, by means of 
which the box was fixed in one of the ſaſhes of a 
window in my room, where it occupied the place of 
a pane of glaſs, which was removed to make way 
for it. This window fronts the ſouth-eaft, and 


conſequently is expoled to the ſun a great part of 


the day. 

Having provided a ſufficient quantity of the 
ſaline 1 the ſame kind as was uſed in 
conſtructing the inſtrument above mentioned, con- 
trived for rendering viſible the internal motions in 
Fluids) and having mixed with it a due proportion 
of pulverized yellow amber, I now filled the box 
half full with this mixture; and as the air in the 
room was conſiderably warmer than that without, 
[ expected that the motions in the liquid occaſioned 


by the paſſage of the Heat would immediately 


commence. 

This actually happutied'; ;—but how great was 
my furpriſe, when, inſtead of the vertical cur- 
rents J expected, I diſcovered horizontal currents, 


running 
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running in oppoſite directions, - one above an. 
other,—or regular winDs,—which, ſpringing up 
in the different regions of this artificial atmoſphere, 
prevailed for a long time with the utmoſt regula- 
rity ;—while the ſmall particles of the amber col- 
lecting themſelves together, formed clouds of the 
moſt fantaſtic forms, which being carried by the 
winds, rendered the ſcene perfectly faſcinating ! 

It would be impoſſible to deſcribe the avidity 


with which I gazed on theſe. i. appear- 


ances. 

In the ſtate of enthuſiaſm I 3 was, it really 
ſeemed to me that Nature had for a moment drawn 
back the veil with which ſhe hides from mortal 
eyes her moſt ſecret and moſt intereſting opera- 
tions ;—and that I now ſaw the machinery at work 
by which winds and ſtorms are raiſed in the 
atmoſphere! 

Nothing ſeemed to be wanting to complete this 
bewitching ſcene, and give it the air of perfect en- 
chantment, but that lightning, in miniature, ſhould 
burſt from theſe little clouds: and they were fre- 
quently ſo thickened up, and had ſo much the ap- 
pearance of *preparing for a ſtorm, that had that | 
event actually taken place, it could hardly have in- 3 
_ creaſed my wonder and ecſtaſy. 

There were ſeveral accidental circumſtances at- 
tending this Experiment, which contributed to ren- 
der it more intereſting. The ſun, which happened 
to be remarkably bright, ſhone full upon the win- 
dow where the apparatus was placed; and as the 


grooves in the frame in which the plates of glaſs 
were 
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were fixed were not deep, that part of this frame 
which formed the narrow bottom of the box being 
expoſed to the ſun's rays, a conſiderable quantity 
of Heat was generated by them in that place, 
as appeared by the motions of the particles of 
pulverized amber which lay on the bottom of 
the box, or thoſe which were W there by 
the currents. 

When theſe n on being heated by the 
ſun- beams, began to move, they firſt aroſe up 
nearly perpendicularly; but before they had riſen 
to any conſiderable height, they were carried away 
obliquely, and nearly in an horizontal direction, by 
the lower current, anſwering to the wind which, 
in the atmoſphere, prevails at the ſurface of the 
earth. | 
The perpendicular riſe of theſe particles from 
the bottom of the box, and the ſubſequent change 
of their direction, called to my remembrance an 
appearance very common in hot countries, which 
I recolle&ted to have often ſeen, and by which 
had often been amuſed in my youth: in very hot 
and dry weather, when the wind is {till and the 
ſun very powerful, the air which les on the ground 
often appears in the moſt violent agitation, reſem- 
bling that of a boiling liquid ; which motion is moſt 
rapid at the ſurface of the earth, and appears to 
ceaſe at the height of five or fix feet above the 
ground. 
Is not this violent agitation occaſioned by the 
conllict which takes place between the hot and the 
comparatively cold air moving vertically, and in 

DD 3 oppoſite 
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oppoſite directions, very near the ſurface of the 
ground? And are not the winds which prevail 
above, occaſioned by the efforts of whole rata of 
air to aſcend or deſcend obliquely ? 

The currents I obſerved to prevail in my arti- 
ficial atmoſphere were never perfectly horizontal ; 
and if my ſuſpicions with reſpe& to the cauſe of 
the winds are well founded, neither can thoſe 
winds be horizontal which prevail in the ſuperior 
regions of the atmoſphere of the earth, though 
they may be very nearly ſo. 

The greateſt velocity of the currents in the 
ſaline liquid in this Experiment was nearly two inches 
in a minute, but their motions were in general 
much flower. As the windows in the room in 
which this Experiment was made are double, (as 
are all: thoſe both in ſummer and winter in the 
apartment I inhabit,) and as the apparatus above 
deſcribed occupied the place of a pane of glaſs 
belonging to the inſide window, it was in my power, 
by opening either the infide window or the outſide 
window, to cauſe the Heat on the two oppoſite ſides 
of the box to be either equal or unequal at pleaſure; 
and by variations which that arrangement enabled 
me to make in the Experiments I 2 ſeveral 
intereſting appearances. 

There was one very ſtriking appearance indeed, 
which never failed to preſent itſelf regularly every 
day during the three weeks that the Experiment 
was continued“. The clouds, after having been 


* An end was put to the Experiment by an accident ; the box be- 
ing broken by ihe carclefinels of a ſervant in ſhutting the window- 


ſhutter, 
driven 
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driven. about all day by the different currents in 
the liquid, (of which there were ſometimes as many 
as ſix or ſeven, running in oppoſite directions at 
the ſame. time,) never failed to collect themſelves 
together in the evening, into large maſſes; ſome- 
times forming only one, and ſometimes. two or 
three rata at different heights, where they remain» 


ed, to all appearance perfectly motionleſs, during 
the night. 


There can be no queſtion with reſpect to the 


proximate cauſe. of this phænomenon: for it was 
undoubtedly owing to a diminution: or total ceſſa- 
tion of the operation of that cauſe,—of thoſe 
cauſes,.—or of ſome of them, —by which an ine» 
quality of temperature in the liquid was produced 
and continued; but it would be highly curious to 
inveſtigate the more remote cauſes of this appear- 
ance, and ſee how far light, or rather the abſence 
of it, was concerned in producing it: but that 
diſcuſſion would lead me into a very abſtruſe 
inquiry, that reſpecting radiant Heat, — which 
would take up more time than I am at preſent able 
to beſtow on it. Perhaps I may find leiſure and 
courage at ſome future period to attempt that 
moſt difficult inveſtigation. My reader will doubt. 
leſs have obſerved that I have hitherto zaken pains: 
to avoid it. | 
I cannot take my leave of the Experiment I have 
been deſcribing without giving my reader a faithful, 
account of every thing I can recolle& reſpetting it; 
and particularly of one accidental circumſtance, 
which, it is Pell may have had ſome ſhare in 
producing 
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in the atmoſphere. 


producing the intereſting 13 which ſo 


powerfully attradted my attention. 


The ſaline liquor and the pulverized amber were 


mixed in a bottle, and were not put into the flat 
box till after it had been fixed in the ſaſh or frame 
of the window; but when I came to pour this. 


mixture into the box I found that I had not pro. 


vided enough of it. To ſupply this defect, with. 
out the trouble of emptying the box, I added, at 


ſeveral different times, pure water, and a ſtrong ſo- 
lution of pot-aſh, in ſuch proportions as I knew to 
be proper to produce the ſpecific gravity required; 

and then endeavoured to mix the whole as inti- 
mately as poſſible by agitating the liquor for ſome | 
conſiderable time by means of a long and ſtrong 
quill, the end of which I thruſt down into the box 
through the hole 7 which the _ was Intro. 


duced. 
Whether thoſe different portions of liquid were 


in fact intimately mingled by theſe means, I cannot 
poſitively determine. They certainly had every ap- 
pearance of being ſo; for the amber was evidently 
well mixed, and very equally diſtributed in every 
part of the Fluid. But even ſhould we grant that 
the liquid remained divided in different rata, ar- 
ranged according to the ſpecific gravities of the 
different portions of it that were poured into the 


box at different times, it does not appear to me 


that the reſult of the Experiment would be lels in- 
tereſting on that account, or the application of it 
leſs ſatisfactory in explaining the cauſe of the winds | 


J am, 
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I am, however, far from being deſirous that much 
ſtreſs ſhould be laid on this ſingle Experiment, be- 
ing perfectly ſenſible that others may be contrived, 
the reſults of which would be more deciſive : in the 
mean time it appears to me that the hint given us 
is too plain not to deſerve ſome attention. If it 
ſhould awaken the curioſity of experimental philo- 
ſophers, and excite them to farther inveſtigation, 
the end I had principally in view in pu this 
account of it will be completely en 
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DESCRIPTION or run PLATES. 


PLATE II. 


Fe. 4. This Figure repreſents a vertical ſection 


of the apparatus uſed in the Experiment 


No. 5 5. (ſee page 315), in which an attempt was 
made to melt the top of a projecting point of ice 
by Heat tranſmitted downwards through olive- oil 
communicated by a ſolid cylinder of iron, heated 
in boiling water. 

In this Figure the tall glaſs jar (in the bottom of 
which the cake of ice was frozen) is ſtanding in 
an earthen pan filled with pounded ice. 

The oil is alſo repreſented ſtanding on the cake 
of ice in the jar; and the iron cylinder in its ſheath: 
of paper ſuſpended in the axis of the jar in ſuch a 
manner that the lower end of this cylinder, which 
is flat, is directly over the pointed projection of ice, 
and diſtant from it +; of an inch. 


PLATE IV. 


Fig. 5. This Figure ſhows the manner in which 
the Experiment No. 57. (ee page 326) was made, 
When pure or freſh water in a glaſs jar was made 
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to repoſe on brine, or water ſaturated with ſea-falt, 
without mixing with it. 

In this Experiment the ſmaller jar, which eon. 

tained the brine, the pure water, and a quantity 
of olive-oil by which the ſurface of the pure water 
was covered, ſtood in a larger glaſs jar,—which laſt 
ſtood in a ſhallow earthen diſh filled with pounded 
ice and water. 
The ſpace between the outfide of the ſmaller j Jar 
and the inſide of the larger jar was filled, to the 
height of about an inch above the level of the fur. 
face of the oil in the ſmaller jar, with pieces of ice 
nearly as large as walnuts, and ice-cold water. 
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INTRODUCTION. 


_ Eſſay contains nothing that will be new 
to philoſophical readers; for it is little more 
than the ſubſtance of two papers which have 
already appeared in the Philoſophical Tranſactions 
of the Royal Society of London ; one in the year 
1786; and the other (for which the Author had 
the honour to receive from the Society the Copleian 
Annual Medal) in the year 1792. 

As reference has frequently been made to theſe 
Papers in ſeveral of the preceding Eſſays; and as 
many of rhe Experiments of which an account 1s 
given in them are not only intereſting in themſelves, 
but are neceſſary to be known in all their details 
in order to judge of ſeveral important concluſions 
that have been founded on their reſults, the Author 


has thought that it would not be improper to 


republiſh them under the preſent form. He was 
alſo deſirous of adding the ſubſtance of thoſe 
Papers to his Sixth and Seventh Eſſays, in order 
that all that he has written on the Science of Heat 
might be brought together in one volume. 
The Eſſays which are deſtined to compoſe the 
next volume (many of which are already in great 
lorwardneſs) are all on practical ſubjects of a po- 
pular nature, and of general utility; and on that 
E E 2 Z 
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account it was judged beſt to keep them ſeparate 
from thoſe contained in this volume, which par. 
take more of the nature of abſtruſe philoſophical 
inveſtigations. 

Various unforeſeen events have contributed to 
retard the publication of the promiſed Eſſays on | 
Kitchen Fire-places—on Cottage Fire-places—and 
on Clothing ; but the Author has well-founded 
hopes of being able to bring them forward in the 
courſe of a few months. 


EIGHTH ES 


* 


CHAP. I. 


pn 4 ecount of the Inſtruments that were oreplted - 


for making the propoſed Experiments. —A Ther- 
mometer is conſeructed whoſe Bulb is ſurrounded 
by a. ToRRICELLIAN VAcuum.—Heat is found 
to paſs in a Torricellian Vacuum with greater Diffi- 
culty than in Air.—Relative conducting Powers of 
a Torricellian Vacuum and of Air with' regard 'to 
Heat determined by Experiment. —Relative conduct. 
ing Powers of dry Air and of moiſt Air. —Relative 
conducting Powers. of Air of different Degrees of 
Denſity.— Relative conducting Powers of MER- 
CURY; WATER; * and a TORRICELLIAN 
N Page 391 


0 "CHAP 

| The relative Warmth of various Subſtances uſed 
in making artificial Cloathing, determined by Ex- 

periment.— Relative Warmth of Coverings of the 
fame Thickneſs, and formed of the ſame Subſtance, 


but of different Denſities —Relative Warmth of 
VOL l. d Coverings 
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CONTENTS. 


1 Coverings formed of equal Quantitiet of the fame 
hs Subſtance, diſpoſed in different Ways. — Experi. 
Y | ments made with a View to determine how far the 
Power which certain Bodies poſſeſs of confining 

Heat depends on their chemical Properties —Ex- 
periments with-Charcoal—with Lampblack—with 
Wood-aſhes—Striking Experiments with Semen 
Lycopodu.—Al theſe Experiments indicate that the 

Air which occupies the Inter ſtices of Subſtances 

uſed in forming Coverings for confining Heat, acti a 

very important Part in that Operation. — T hoſe Sub- 

5 ſtances appear. to prevent the air from conducting 
the Heat. — An Inquiry concerning the Manner in 
which this is Sfected.— This Inquiry leads to a 

deciſiue Experiment from the Reſult of which it 
appears that Air is a perfect Non- conductor of 

| Heat. —This Diſcovery affords the Means of en- 
; | * . plaining 2 Variety of intereſting Phenomena in the 
* 1 Nature. Page 428 
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ESSAY VIII. 


or THE PROPAGATION OF HEAT IN VARIOUS 
SUBSTANCES. 


CHAP. I. 
An Account of the Inflruments that were prepared 


for making the propoſed Experiments.—A Ther- 
mometer is conſtrufted whoſe Bulb is ſurrounded 


by a TORRICELLIAN VAcuuu.— Heat is found 


to paſs in a Torricellian Vacuum with greater Dif/i- 
culty than in Air.—Relative conducting Powers of 
a Torricellian Vacuum and of Air with regard to 


Heat determined by Experiment.—Relative conduct. 


ing Powers of dry Air and of moiſt Air. — Relative 

conducting Powers of Air of different Degrees of 
Denfity.—Relative conducting Powers of MzER- 
CURY; WATER; AIR; and a TORRICELLIAN 
Vacuum. 


[Read before the Rovar Society, March 9, 1786.] 


 XAMINING the conducting power of air, and of 
* various other fluid and ſolid bodies, with re- 
fard to Heat, I was led to examine the conducting 
power of the Torricellian vacuum. From the ſtrik- 
ng analogy between the electric fluid and Heat 


klpeting their conductors and non-conductors, 
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nos | Of the Propagation of Heat 


(having found that bodies, in general, which are 
conductors of the electric fluid, are likewiſe good 


the electric fluid, are likewiſe bad conductors of 


to the electric fluid, would alſo have afforded a 


not only on account of the impoſſibility of making 


chine, expands under the receiver, and fills it with 


or point, which projecting outwards was ſoldered 


conductors. of Heat, and, on the contrary, that 
electric bodies, or ſuch as are bad conductors of 


Heat,) I was led to imagine that the Torricellian 
vacuum, which is known to afford ſo ready a paſſage 


ready paſſage to Heat. 

The common experiments of heating and cool. 
ing bodies under the receiver of an air-pump I con- 
ceived to be inadequate to determining this queſtion; 


a perfect void of air by means of the pump ; but 
alſo on account of the moiſt vapour, which exhaling 
from the wet leather and the oil uſed in the ma- 


a watery fluid, which, though extremely rare, is | 
yet capable of conducting a great deal of Heat: I 
had recourſe therefore to other contrivances. 

I took a thermometer, unfilled, the diameter of 
whoſe bulb (which was globular) was juſt half an 
inch, Paris meaſure, and fixed it in the center of a 
hollow glaſs ball of the diameter of 14 Paris inch, 
in ſuch a manner, that the ſhort neck or opening 
of the ball being ſoldered faſt to the tube of the 
thermometer 72 lines above its bulb, the bulb of 
the thermometer remained fixed in the center of 
the ball, and conſequently was cut off from all 
communication with the external air. In the bot- 
tom of the glaſs ball was fixed a ſmall hollow tube 


— 


LD 
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to the i of a common barometer tube about 32 
inches in length, and by means of this opening the 
ſpace between the internal ſurface of the glaſs ball 
and the bulb of the thermometer was filled with 
hot mercury, which had been previouſly freed of 
air and moiſture by boiling. The ball, and alſo 
the barometrical tube attached to it, being filled 


' vith mercury, the tube was carefully inverted, and 


its open end placed in a bowl in which there was a 
quantity of mercury. The inſtrument now became 
a barometer, and the mercury deſcending from the 
ball (which was now uppermoſt) left the ſpace ſur- 
rounding the bulb of the thermometer free of air. 


The mercury having totally quitted the glaſs ball, 


and having ſunk in the tube to the height of 28 
inches, (being the height of the mercury in the 
common barometer at that time) with a lamp and a 
blow-pipe I melted the tube together, or ſealed it 
hermetically, about three quarters of an inch below 
the ball, and cutting it at this place with a fine file, 
[ ſeparated the ball from the long barometrical tube. 
The thermometer being afterwards filled with mer- 


cury in the common way, and furniſhed with a ſcale, 


I now poſlefled a thermometer whoſe bulb was con- 
fined in the center of a Torricellian vacuum, and 


which ſerved at the ſame time as the body to be 


heated, and as the inſtrument for meaſuring the 
Heat communicated. 


Experiment, Ne 1. 


With this inſtrument (ſee Fig. 1.) I made the 
tollowing Experiment. Having plunged it into a 
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veſſel filled with water, warm to the 18th degree 
of REeaumur's ſcale, and ſuffered it to remain 
thete till it had acquired the temperature of the 
water, that is to ſay, till the mercury in the in- 
cloſed thermometer ſtood at 187 I took it out of 
this veſſel and plunged it ſuddenly into a veſſel of 
boiling water, and holding it in the water (which 
was kept conſtantly boiling) by the end of the tube, 
in ſuch a manner that the glaſs ball, in the center 
of which was the bulb of the thermometer, was 
_ juſt ſubmerged, I obſerved the number of degrees 
to which the mercury in the thermometer had 
_ ariſen at different periods of time, counted from the 
moment of its immerſion. Thus, after it had re- 
mained in the boiling water 1 min. 30 ſec. I found 
the mercury had riſen from 18* to 27% After 4. 
minutes had elapſed, it had riſen to 44%; and at 
the end of 5 minutes it had riſen to 48. : 


Experiment, No 2. 


Taking it now out of the boiling water I ſuffered 
it to cool gradually in the air, and after it had ac- 
quired the temperature of the atmoſphere, which 
was that of 15*R. (the weather being perfectly 
fine) I broke off a little piece from the point of 
the ſmall tube which remained at the bottom of the 
glaſs ball, where it had been hermetically ſealed, 
and of courſe the atmoſpheric air ruſhed imme- 
diately into the ball. The ball ſurrounding the 
bulb of the thermometer being now filled with air, 
(inſtead of being emptied of air, as it was in the 
before-mentioned Experiment, ) I reſealed the * 

6 0 
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of the ſmall tube at the bottom of hi glaſs ball 
hermetically, and by that means cut off all com- 
munication between the air confined in the ball and 


the external air; and with the inſtrument ſo pre- 


pared I repeated the Experiment before- mentioned; 
that is to ſay, I put it into water warmed to 18*, 


and when it had acquired the temperature of the. 


water, I plunged it into boiling water, and obſerved 
the times of the aſcent of the mercury in the ther- 
mometer. They were as follows: 


Time eat 
elapſed. acquired. 
Heat at the moment of being plnged wat 180 R. 


the boiling water, 5 F 
M. 8. 


After having remained in the boiling water o 45 27 
| 10 3475 
2 10 4428 
2 40 485 
4 © 5678 
$0 6075 


From the reſult of theſe Experiments it appears 
evidently, that the jTorricellian vacuum, which 
affords ſo ready a paſſage to the electric fluid, ſo far 
from being a good conductor of Heat, is a much 
worſe conductor of it than common air, which of 
itſelf is reckoned among the worſt : for in the laſt 
Experiment, when the bulb of the thermometer was 
ſurrounded with air, and the inſtrument was 


plunged into boiling water, the mercury roſe from 


18* to 27% in 45 ſeconds ; but in the former Ex- 
periment, when it was ſurrounded by a Torricellian 
vacuum, it required to remain in the boiling water 1 

minute 
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minute 30 ſeconds = 90 ſeconds, to acquire that 


degree of heat. 
minutes to riſe 4.82 


1 the vacuum it required 5 


but in air it roſe to that 
height in 2 minutes vhs ſeconds; and the propor- 
tion of the times in the other obſervations is nearly 
the ſame, as will appear by the following Table. 


The bulb of the thermometer placed in the 


center of the glaſs ball, and 
Hon” e 


; — | 8 1 6 
ſurrounded by a kg 

Torricellian vacuum, ſurrounded by air, 
(Exp. N? 1.) (Exp. No 2.) 
Time Heat Time Heat 


elapſed. acquired. 


elapſed. acquired. 


Upon being plunged into | 
boiling fan 15 bo | BHT oh 
M. 8 # M. S. 5 
After remaining in it 1 30 uv © 45 27 
— 1 0 30 55 
4 © 44 2 10 44755 
3 8 487 2 40 487% 
„ 4 © 5670 
— — 5 00 5055 


Theſe Experiments were made at Manheim, 
upon the firſt day of July 1785, in the preſence of 
Profeflor Hemmer, of the EleQoral Academy of 
Sciences of Manheim, and Charles Artaria, me- 
teorological inſtrument maker to the academy, by 
whom I was aſſiſted in making them. 

Finding the conſtruction of the inſtrument made 
uſe of in theſe: Experiments attended with much 


trouble and riſk, on account of the difficulty of 2 


ſoldering the glaſs ball to the tube of the thermo- 
meter without at the ſame time either cloſing up, 


or otherwiſe injuring, the bore of the tube, | 
had 
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had recourſe to another contrivance much more 
- commodious, and much eaſier in, the execu- 
tion. | | 

At the end of a glaſs tube or cylinder about 
eleven inches in length, and near three quarters of 
an inch in diameter internally, I cauſed a hollow 
globe to be blown 12 inch in diameter, with an 
opening in the bottom of it correſponding with the 
bore of the tube, and equal to it in diameter, 
leaving to the opening a neck or ſhort tube, about 
an inch in length. Having a thermometer prepared, 
whoſe bulb was juſt half an inch in diameter, and 
whoſe freezing point fell at about 24 inches above 
its bulb, I graduated its tube according to Reaumur's 
icale, beginning at o, and marking that point, and 
alſo every tenth degree above it to 809, with threads 
of fine ſilk bound round it, which being moiſtened 
with lac varniſh adhered firmly to the tube. This 
thermometer I introduced into the glafs cylinder and 
globe juſt deſcribed by the opening in the bottom 
of the globe, having firſt choaked the cylinder at 
about 2 inches from its junction with the globe by 
heating it, and crowding its ſides inwards towards 
its axis, leaving only an opening ſufficient to admit 
the tube of the thermometer. The thermometer 
being introduced into the cylinder in ſuch a man- 
ner that the center of its bulb coincided with 
the center of the globe, I marked a place in the 
cylinder, about three quarters of an inch above the 
goth degree or boiling point upon the tube of the 
incloſed thermometer, and taking out the thermo- 
meter, [ choaked the cylinder again in this place. 
Intro- 
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Introducing now the thermometer for the laſt 
time, I cloſed the opening at the bottom of the 
globe at the lamp, taking care before I brought it 
to the fire, to turn the cylinder upſide down, and 


to let the bulb of the thermometer fall into the 
cylinder till it reſted upon the lower choak in the 


cylinder. By this means the bulb of the thermo. 
meter was removed more than 3 inches from the 


flame of the lamp. The opening at the bottom of 


the globe being now cloſed, and the bulb of the 
thermometer being ſuffered to return into the 
globe, the end of the cylinder was cut off to within 
about half an inch of the upper choak. This being 
done, it is plain, that the tube of the thermometer 


projected beyond the end of the cylinder. Taking 


hold of the end of the tube, I placed the bulb of 
the thermometer as nearly as poſſible in the center 
of the globe, and obſerving and marking a point in 
the tube immediately above the upper choak of the 
cylinder, I turned the cylinder upſide down, and 
ſuffering the bulb of the thermometer to enter the 
cylinder, and reſt upon the firſt or lower choak, (by 
which means the end of the tube of the thermo- 
meter came further out of the cylinder) the end of 
the tube was cut off at the mark juſt mentioned, 

(care having firſt been taken to melt the internal 
cavity or bore of the tube together at that place) 


and a ſmall ſolid ball of glaſs, a little larger than 


the internal diameter or opening of the choak, 
was ſoldered to the end of the tube, forming a 


Aittle button or knob, which reſting upon the upper 


choak of the cylinder ſerved to ſuſpend the thermo- 
pA meter 
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meter in ſuch a manner that the center of its bulb 
coincided with the center of the globe in which it 
was ſhut up. The end of the cylinder above the 
upper choak being now heated and drawn out to 
; a point, or rather. being formed into the figure of 
me fruſtum of a hollow cone, the end of it was 
| ſoldered to the end of a barometrical tube, by the 
help of which the cavity of the cylinder and globe 
containing the thermometer was completely voided 
of air with mercury ; when, the end of the cylinder 
being hermetically ſealed, the barometrical tube 
was detached from it with a file, and the thermo- 
meter was left completely ſhut up in a Torricellian 
vacuum, the center of the bulb of the thermome- 
ter being confined in the center of the glaſs globe, 
without touching it in any part, by means of the 
two choaks in the cylinder, and the button upon 
the end of the tube. (See Fig. 2.) 

Of theſe inſtruments I provided myſelf with two, 
as nearly as poſſible of the ſame dimenſions ; the 
one, which I ſhall call Ne 1. being voided of air, 
in the manner above deſcribed ; the other, N* 2. 

being filled with air, and hermetically ſealed. 

With theſe two inſtruments (ſee Fig. 2.) I made 
the following Experiments upon the 11th of July 
laſt at Manheim, between the hours of ten and 
twelve, the weather being very fine and clear, the 
mercury in the barometer ſtanding at 27 inches 11 
lines, Reaumur's thermometer at 15%, and the 
quill * of the academy of Manbeim 


at 47“. 


Experiments, 
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Experiments, No. 5, 4, 5, and 6. 


Putting both the inſtruments into a mixture of 


pounded ice and water, I let them remain there till 
the mercury in the incloſed thermometers reſted at 
the point o', that is to ſay, till they had acquired 


exactly the temperature of the cold mixture; and 


then taking them out of it I plunged them ſud- 
denly into a large veſſel of boiling water, and ob- 
ſerved the time required for the mercury to riſe in 
the thermometers from ten degrees to ten degrees, 


from oo to 80e, taking care to keep the water 


conſtantly boiling during the whole of this time, 

and taking care alſo to keep the inſtruments im- 
merſed - the ſame en, that is to ſay, juſt ſo 
deep that the point oo of the incloſed thermometer 
was even with the ſurface of the water. 

Theſe Experiments I repeated twice with the ut- 
moſt care; and the nn Table gives the reſult 


of them. 


„ „ „ 


#*< 
£7 "7 
4 ; 
2 


DP et. 
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8 * 


Thermometer No 1. 


Its bulb half an inch in dia- 
meter, ſhut up 


meter, ſhut up in the center of 
a hollow glaſs globe, 15 inch in 
diameter, void of air, and her- 
metically ſealed. 

Taken out of freezing water, 


' Thermometer Ne 2: 
Its bulb half an inch in dia- 


metically ſealed. 


Taken out of freezing awater, 


AC 


in the center of 
a hollow glaſs globe, 15 inch in 
diameter, filled with air, and her- 


„9 


and plunged into boiling water. and plunged into boiling water. 


22 44 21 1.= total time 
of heating from o“ to 809, 
| Total time from 02? to 70: 


In Exp. Ne 3,=11 3 | 


| 


| Time e 25 Labs Time elapſed. Heat 

Exp. No 3. Exp. Ne 4. acquired. Ep. Ne 5. Exp. No 6. acquired. 

5 : 1 - — _ 
M. S. M. S _ M. S. M. 8. 5 | 
FFF 10 0 3© © yo 10 
. 20 0 8337 20 
3 I 2 30 O 41 O 41 I: 
. 40 049 © 53 3 
I 24 I 23 50 1 eo 5 

. 60 „„ 11 60 
3.39 „„ 2 45 2 23 70 

| II 41 IO 27. 80 9 10 9 38 80 


16 55 17 3 S total time 


of heating from oꝰ to 80. 


Medium 10 48Z 


Total time from 0? to 70: 
M. 8. 
In Exp. N” 5. 7 45 
In Exp. N” 0-7 #5 


Medium=7 35 


4 


| 


| 


1 


| 


It appears from theſe Experiments that the con- 
ducting power of air to that of the Torricellian va- 
cuum, under the circumſtances deſcribed, is as 728 
to 10 +*: inverſely, or as 1000 to 702 nearly ; for the 

O 


quantities of Heat communicated being equal, the 
intenſity of the communication is as the times 


inverſely. 


In theſe Experiments the Heat paſſed through the 
ſurrounding medium into the bulb of the thermo- 
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meter: in order to reverſe the Experiment, and 
make the Heat paſs out of the thermometer, I put 
the inſtruments into boiling water, and let them 
remain therein till they had acquired the tempera- 
ture of the water; that is to ſay, till the mercury 
in the incloſed thermometers ſtood at 80; and 
then, taking them out of the boiling water, I 
plunged them ſuddenly into a mixture of water 
and pounded ice, and moving them about conti- 
nually in this mixture, I obſerved the times em- 
ployed in cooling as follows : | 


- * 


Thermometer No 1. Thermometer No 2. 


| Surrounded by a Torricellian Surrounded by air. 
T: 


vacuum. 
aken out of boiling water, and\T aken out of boiling water, and 


plunged into freezing water. plunged into freezing Water. 


'F 59 
.. Not obſerved o 


40 lo Not abſerved. 0 


Time elapſed. Time elapſed. | 
— — Heat loſt. — Heat loſt. 

Exp. N“ 7. Exp. Ne 8. Exp. Neg. Exp. Ne 10. 

1 — - $0 — 80 
M. Ss. M.S. 8 M3. hb, 0 
1654 70 8 833 70 
o 58 1 3 60 "030 © 3s 60 
1 17 I 5 0.44 - - 0:44 50 
16 137 40 „ 4⁰ 
2 16 30 117 118 30 
5 — 3 10 20 "FF 1 57 320 

1 3 44 3.40 ae 


Total time of cooling from 80ꝰ 
to 105. 


M. S. 


In Exp. No 7. 216 4 
In Exp. Ne 8.=16 16 


| 
| 
| 


In Exp, N* 9.=9 49 
In Exp. No 10.=9 41 


Total time of cooling from 80* 


to 109. 


M. S. 


1 


Medium 16 10 


Medium 9 45 


By 


* * 1 — 3 * 
; | 
Fo : 


** 
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By theſe Experiments it appears, that the cons: 
_ Tnlling power of air is to that of the Torricellian 
; vacuum as 95. - to 1675 Oe" or as 1000 to 
603. e Mata 1 35, Bl. ON; 
" "Tl e 3 the ſame low would hold 
good when the heated thermometers, inſtead of be- 
ing plunged into freezing water, were ſuffered to 
cool in the open air, I made the following Experi- 
ments. The thermometers Ne 1. and No 2. being 
again heated in boiling water, as in the laſt Experi- 
ments, I took them out of the water; and ſuſpended 
them in the middle of a large room, where the air 
(which appeared to be perfectly at reſt, the windows 
and doors being all ſhut) was warm to the 16th 
degree of Rrauuvn's e and the times 
of cooling were e as follows: hes 
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. — "Ep: NT Pi | IEF. N12) 
= Thema N13 + 4 5: Thermometer Ns 2. * 
bo oem ar:# by a Torricellian * Surtonn ded by air. 

vacuum, | 9 

Heated to 809, and ſuſpended in Heated to 80, and Ys in 


the open air warm to 10%. _ the open air warm 10 169. 


tet jp my 


Time clipſed | Heat loſt. | Time clapfed. Heat loft. . 8 
1 J R bo" I 
. N 8.7 a f | | M. 8. ; | 4 
Not N 70 Not obſerved, 70 | 
e ee ii Eg HE 
151910 $$: $1350 . „ 5 WO 
| 2 28 . 134 
| CE 16 | 30 | 2 41 30 


il 6 1 2 total time em· 
19 . nh g from 70 to . 


10 3080 time em- 
Joyed] in coolin gf from r. 


2 Here the Adkerenes 4 in the ebndukking powers of 
air and of the Torricellian vacuum appears to be 
ö „ nearly 
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nearly the ſame as in the foregoing Experiments, 
being as 643 to 1025 inverſely, or as 1000 to 605. 
I could not obſerve the time of cooling from 80 
to 70", being at that time buſied i in e the 
inſtruments. Th 
As it might poſlibly be Wieden to the conclu · 
fions drawn from theſe Experiments that, notwith- 
ſtanding all the care that was taken in the con- 
ſtructing of the two inſtruments made uſe of that 
they ſhould be perfectly alike, yet they might in 
reality be ſo far different either in ſhape or ſize, as 
to occaſion a very ſenſible error in the reſult of the 
Experiments; to remove theſe doubts I made. the 
following Experiments : : 
In the morning towards eleven o Ys the wea- 
ther being remarkably fine, the mercury in the ba- 
rometer ſtanding at 27 inches 11 lines, REAUMUR” - | 
thermometer at 15*, and the hygrometer at 47”, 
repeated the Experiment Ne 3. (of heating the Hy 
mometer N? 1. in boiling water, &c.) and i Imme- 
diately afterwards opened the cylinder containing 
the thermometer at its upper end, where it had 
been ſealed, and letting the air into it, I re-ſealed 
it hermetically, and repeated the Experiment again 
with the ſame inſtrument, the thermometer being 
21 now ſurrounded with air, like the thermometer | 
„ 
Ihe reſult of theſe Experiments, which may be 
ſeen in the following Table, ſhews evidently, that 
the error ariſing from tlie difference of the ſhapes 
or dimenſions of the two inſtruments in queſtion 
was inconſiderable, ił not totally imperceptible. 


* 
1 
i& 


I # 
CE 4 


meter, ſhut up in the center of 


meter, voided of air, and her- 


*s various 


Subſtances. 


405 


a SS Fa I 4 


; 
1 * AR * 4 
— — ar a — 
. 8 
—— | | 


k 
4 


"mn 
Thermometer No 1. 3 
Its bulb half an inch in dia- 


a glaſs globe, 12 inch in dia 


Ep N= 777 | 
The Same Thermometer (No ” 
The glaſs globe, containing 


the bulb of the thermometer, 
being 


heating from o to 80“. 


| 


metically ſealed. hermetically ſeated. 
Taken out of freezing water, Taken out of enki water, 
and plunged into boiling water. and plunged into boiling water. 
Time elapſed. Heat acquired. Time elapſed. Heat acquired. 
n o i 5 0? 
M. 8. 0 M. S. Ss 
© 55 10 0 32 9 
0 55 20 O 32 20 
* | 30 043 30 
115 40 | 0-50| _ - 
1 29 50 . 50 
22 60 ö 1 24 9 
| 3 21 70 2.38 70 
13 44 80 10 25 80 
24 48 = total time of a. 5 = total time of 


Total time from o“ to 70® = 


,' 47 


[heating from os to 802, 


Toral time from 0? to 0” = 
4 4 40” 


now filled with airy and 


_— ” * * 


11.4. 


It appears, therefore, 


— 1 * 


* 


from theſe Experiments, 


that the conducting power of common „ 


air is to that of the Torricellian vacuum as 743 
11: inverſely, or as 1000 to 602; which Aer 


Experiments. 


0 but very little from the reſult of all the foregoing 


Notwithſtanding that it appeared, from the re. 
ſult of theſe laſt Experiments, that any difference 
there might poſſibly have been in the forms or 


dimenſions of the inſtru 


ments Ne 1. and Ne 2. 


could hardly have produced any ſenſible error 
in the reſult of the Experiments in queſtion ; 1 


was * however, to ſee TP far 
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ſiderable nn of ſize in the inſtrument 
would affect the Experiment: I therefore provided 
en with another inſtrument which I ſhall call 
Thermometer Ne 3. different from thoſe already de- 
ſeribed in ſize, and a little different in its con- 
ſtruction. 5 

The bulb of the 3 Ds of the ie. 
** and ſize as in the inſtruments Ne 1. and Ne 2. 


that is to ſay, it was globular, and half an inch 
In diameter; but the glaſs globe, in the center of 
| which it was confined, was much larger, being 


* 


F, 


5 inches 72 lines in diameter; and the bore of 
thi tube of the thermometer was much finer, 
and conſequently i its length, and the diviſions of 


ite ſcale, were greater. The diviſions were marked 


upon the tube with threads of ſilk of different 


colours at every tenth degree, from o“ to 80", 


as in the before-mentioned inſtruments. The 
tube or cylinder belonging to the glaſs globe was 
8 lines in diameter, a little longer than the tube 
of the thermometer, and perfectly cylindrical from 
its upper end to its junction with the globe, being 
without any choak; the thermometer being con- 
fined in the center of the globe by a different con- 


trivance, which was as follows. To the opening 


of the cylinder was fitted a ſtopple of dry wood, 
covered. with a coating of hard yarniſh, through 
the center or axis of which paſſed the end of the 
tube of the thermometer: : this ſtopple confined the 
tube in the axis of the cylinder at its. upper end. 
To confine i it at its lower end, there was: fitted to it 
a ſmall ſteel ſpring, a little below the point oo 
which, Nn faſtened | to the tube of the thermo- 

len, 


in various: Subſtances, "| 407 


meter, had three elaſtic points projeCting-outwards; 
which preſſing againſt the inſide of the cylinder, 
confined the thermometer in its place. The total 
length of this inſtrument, from the bottom of the 
globe to the upper end of the eylinder, was 18 


inches, and the freezing point upon the thermometer 
| fell about 3 Jochen! above the bulb, nen; 


| the 3 wh the in eg when the eee 
was confined in its place, the center of its bulb 
coinciding with the center of the globe. Through 
the ſtopple which cloſed the end of the cylinder, 


paſſed two ſmall glaſs tubes, about a line in aa 
meter, which being about a line longer than the | 


ſtopple were cloſed occafionally with ſmall ſtopples 
fitted to their bores. Theſe tubes (which were 
fitted exactly in the holes bored in the great ſtopple 
of the cylinder to receive them, and fixed in their 


places with cement) ſerved to convey air, or any 


other fluid, into the glaſs ball, without its being 
neceflary to remove the {topple cloſing the end of 
the cylinder; which ſtopple, in order to prevent 
the poſition of the thermometer from being cally 
deranged, was cemented in its place. * 11] 
have been the more particular i in the deſcription 
of theſe inſtruments, as I conceive it to be ab- 
ſolutely neceſſary to have a perfect idea of them in 
order to judge of the Experiments made with. them, 


and of their reſults. 
With the inſtrument laſt deſeribed (ulich ! I bays 


called Thermometer No 3) I made the e following 
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Experiment. It was upon the 18th-of July 178 5, 
in the afternoon, the weather variable, alternate 


bude and ſun-ſhine ; wind ſtrong at S. E with 


now and then a fprinkling of rain; barometer at 


d 9 inches 104 lines, thermometer at 18*z, and hy- 


grometer variable from 44 to extreme moiſture. 


| I In order to compare the reſult of the Experiment 


made with this inſtrument with thoſe made with the 
thermometer Ne 2. I have placed together in the 


| fame _ fe \Giferent, ure g arne with 


xp. No 1 * T Exp- No * Ne 5 * 
"+ if . P74 e 758 p TD No 2, 4 a 
| * bulb half an . in dia- Its bulb bal an inch in . . 
eter, mut up in the center of up in the center of a glaſs globe, 1 inch] 
glaſs globe, 3 inches 54 lines [in diameter, and ſurrounded by air. 
in diameter, and furroun ed by|Taken out ef, freezing water, and pr, mb int 
7 el6h | _ boiling water. | 
| Taken out of freezing evater, and Time ela ſed. | . 
Plungeũ into "OE water. r 
|—— 83h * "(GY TIT een 
Time clapled. | Heat rr Exp. No 4 Exp. No 5. . Medium. 
5 „ — — go : 
E NM. S. 0 IM. Ss. $5: Ms,, - 0: 
F 8 33 10 '',.0 30 © 30 @ 30 10 
die „es ee 6% 10 
1 VVV 
pos . FP „„ 
rn 0 Ea 44 @ 1 
* T2» $25 C 42 e "I-08 - -—=, 09 [ 
| 2 28 „„ „ 599", 
1 1 30 es [0 BO 9.3 9.24. © 
| $83 | —— | 2 — — — 
16 5g= . time of heat- 16 55 1 16 59 = total 
ing from 09 to 800. time of heating from o to $69. 
Ji: ve from Otto LE | _ Time from oo .  700=7/ 3 Ke ul | 


nigh) the agreement of theſe 1333 with the 
thermometers Ne a. and N' 3. ſurpriſed me, I was 


pot. leſs ſurpriſed with their diſagreement i in the 


Experiment which follows : : 


E peri- 
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Taking the theychometer Ne 3. out f the boiling | 
water, I immediately ſuſpended-it in the middle: of 
a large room, where the air, which was quiet, was 
at the temperature of 18% R. and Ii e 12 
times of cooling as follows: ä 


Time elapſed. Heat loſt. 
— bee 4 
MEE on, geen: 
at” 70 5 
"T2 06 = 
1 50 
1 1 40 
l er >0 a_ 
9 55 = total time of cooling from 80? to 30% 
Time from 70" to 30"=8" 0”; but in the Experi- 
ment No 12. with the thermometer Ne 2. the 
time employed in cooling from 70" to 30% was 
only 6“ 11”. In this Experiment, with the ther- 
mometer N* 3. the time employed in cooling from 
60 to 30 was 5 48”; but in the above-mentioned 
Experiment, with the thermometer Ne 2. it was 
only 5 20”, It is true, the air of the room 
was ſomewhat cooler when the former Experiment 
was made, than when this latter was made, with 
the thermometer Ne 3. ; but this difference of tem- 
perature, which was only 24, (in the former caſe 
the thermometer. in the bon ſtanding at 165, 


an in ie 2 at 18%,) certainly could not have 
F F 4 Occa- 


. 4 
rr . 
N Y Y r 
r Ic e 
— 1 n = 
rr IS» Pt ——— —— —— - 


Sue 


* 
E I — - <a. — — 
F 
8 r 4 * - 
+ Oman ny —— 
gal 3 


r 


, 
: * 
1 
i 
EY 
23 
; 
+} 
x5 
N 
171 
4 
177 
- oy 
13 
15 
7 
8 
* 
#34 
bY 
7 48) 
"= 
4565 
i 
$4 
” 
Les.” 
1.0 
7 
1 
45 
3:31 
S! j 
3 "8 
7 


1 
' 2 
+ 9 
F * 
== 
' 
; + 
1 
7 
4 
12 * 
1 7 
0 
s 
s # 4 
5 
* 
N £ 
*& 
5 * 
1 
PT. 
1 


- 
2 — = $25 
YR tr a nr . — 
— 2 


— — 2 
— e 83 


me r 
$a — — 2 3 
x : - g E " 1 _— - 
= * r 4 2 2 IS le was os — = * . 
x TY * y, * 4 bo ace AS... : 5 oy K = - 1 — « n * 
— — — —— 8 8 b woR nt SS 5 is Fn A," Ria og. — a a5 ESE RES 4 1 = v 2 
N. 2 bo r * a - ws — E. er. of ip. y K apt ” ue 1 q 1 _ - — 2 — 2 5 - 
IN WE i EE I as 1 * 2 . e ; "Ag — TS W e r TRIS 5 => - 
©, — 1 2 r A 7 . NY EFT. TIL Mo - x * » arts — I : a ae A by 2 pms A #2 2 = 
2 4 7 > — 12 - Mug 4 1 0 7 = 2 5 = — of If a” # way 4 > Chg: 4 & r „ L — _ ITS Fo. — SoC 
9 1 5 r 1 n 6 >> » n n > Ks: £24347 22 2 8 : = 3 — + - Song: 
2 — "Is =_ . - n 4 A OE 1 8 E 8 iN 7 a 97 IP 1 = * * — NI 3 " 75 n 4 A N * 75 5 * the _ - 7 22 1 e n — 
1 1 8 > 2 4 A bow SC; 2 C A 2 bet TIDY * q 8 1 wh n 9 2 * *- of 4 Uh 
: fl * * 2 0 n * 2 KS: n . Al 2 e. ve - 7 A - * ; p 
\ E l NE.” 1 0 9 4 n 2 — en Av bY 
5 by ' , E . 2 ok; b =) 5 : Q 6 4 
0 g — — " - 5 5 — 4 — —-- ry = l 
"=. - = * = 


Do rafts, + 
r 
Cee; 
——— . 
APES" a0 


TREO" 
3 
. 5 
_ UAC er 
2 — 2 
* —— way 


- 


40 07 the Propagation of Heat - 


occaſioned the whole of the apparent difference i in 
the reſults of the Experiments, _ 
Does air receive Heat more readily than it parts 
with it? This is a” queſtion highly deſerving of 
further inveſtigation, and I hope to be able to give 
it a full examination in the courſe of my projected 
inquiries; ; but leaving it for the preſent, I ſhall pro- 
ceed to give an account of the r 
have already made. 
Conceiving it to be a ſtep of conſiderable import- | 
| ance towards coming at a further knowledge of the 
nature of Heat, to aſcertain, by indiſputable evi- 
dence, its paſſage through the Torricellian vacuum, 
and to determine, with as much preciſion as poſ- 
ſible, the law of its motions in that medium; and 
being apprehenſive that doubts might ariſe with re- 
ſpect to the Experiments before deſcribed, on ac- 


1 count of the contact of the tubes of the incloſed 


thermometers i in the inſtruments made uſe of with 
the containing glaſs globes, or rather with their 
cylinders: by means of which (it might be ſuſpected) 
that a certain quantity, if not all the Heat acquired, 

might poſſibly be communicated ; to put this mat- 
ter beyond all doubt, 1 af the e Expe- 
riment. 

In the idle of a "glaſs body, of A. pear-like 
| Conan. about 8 inches long, and 2 inches in its 
greateſt diameter, I ſuſpended a ſmall mercurial 
thermometer, 51 inches long, by a fine thread of 
ſilk, in ſuch a manner that neither the bulb of the 
thermometer, nor its tube, touched the contain- 
ing glaſs body in any . The tube of the ther- 
OG 4 mometer 


t R # ö : * 


25 
C 


%.. 


mometer was graduated, and marking. with fine 
threads of ſilk of different colours, bound round 
it, as in the thermometers belonging to the other 
inſtruments already deſcribed ; and the thermome- 
ter was ſuſpended in its place by means of a ſmall 
ſteel ſpring, to which the end of the thread of filk 
which held the thermometer being attached, it 
(the ſpring) was forced into a ſmall globular pro- 
tuberance or cavity, blown in the upper extremity 
of the glaſs body, about half an inch in diameter, 
where the ſpring remaining, the thermometer ne- 
ceflarily remained ſuſpended in the axis of the glaſs 


body. There was an opening at the bottom of 


the glaſs body, through which the thermometer 


was introduced; and a barometrical tube being 


ſoldered to this opening, the. inſide of the glaſs 
body was voided of air by means qf mercury; 
and this opening being afterwards ſealed herme- 
tically, and the barometrical tube being taken away, 
the thermometer was left ſuſ pended 1 in a De 


vacuum. 


In this inſtrument, as the incloſec We 


did not touch the containing glaſs body in any part, 
on the contrary, being diſtant from its internal 
ſurface an inch or more in every part, it is clear, 
that whatever Heat paſſed into or out of the ther- 
mometer muſt have paſſed through the ſurrounding 
Torricellian vacuum: for it cannot be ſuppoled, 
that the fine thread of ſilk, by which the ther- 
mometer was ſuſpended, was capable of conduQ- 
ing any Heat at all, or at leaſt any ſenſible quantity, 


I therefore flattered myſelf with hopes of being 
| able, 
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able, with the aſſiſtance of this inſtrument, to 
determine poſitively with regard to the paſſage 
of Heat in the Torricellian vacuum: and this, 1 
think, I have done, notwithſtanding an unfortunate 
accident that put it out of my 3 to purfor the 
Experiment ſo far as I intended. "eu 

This inſtrument being fitted to a fmall ftand or 
foot of wood, in ſueh a manner that the glaſs body 


remained in a perpendicular ſituation, I placed it in 
my room, by the ſide of another incloſed ther- 


mometer (N“ 2.), which was ſurrounded: by air, 
and obſerved the effects produced on it by the 
variation of Heat in the atmoſphere. I ſoon dif. 
covered, by the motion of the mercury in the in- 
cloſed thermometer, that the Heat paſſed through 


the Torricellian vacuum; but it appeared plainly 


frotti” the fluggiſhneſs, or great inſenfibility of 
the thermometer, that the Heat paſſed with much 
greater difficulty in this medium than in common 
air. I now plunged both the thermometers into a 


bucket of cold water; and I obſerved that the 


mercury in the thermometer ſurrounded by air 
deſcended much faſter than that in the ther- 


mometer ſurrounded by the Torricellian vacuum. 
. took them out of the cold water, and plunged 


them into a veſſel of hot water (having no con- 


veniencies at hand to repeat the Experiment in 
due form with the freezing and with the boiling 


water); and the thermometer furrounded by the 
Torricellian vacuum appeared ſtill to be much 
more {poo or 5 than n ſurrounded aw 


Theſe 


22 Pn ay „ mw. — . A Ss 


| N 
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Theſe trials were quite ſufficient to convince me 
of the paſſage of Heat in the Torricellian vacuum, 
and alſo of the greater difficulty of its paſſage in 
that medium than in common air; but, not ſatiſ- 


fied to reſt my inquiries here, I took the firſt op- 
portunity that offered, and ſet myſelf; to repeat the 
Experiments which I had before made with the 


inſtruments Ne 1 and Ne 2. 1 plunged this inſtru» 
ment into a mixture of ' pounded ice and water, 


where I let it remain till the mercury in the in- 


doſed! thermometer had deſcended to oe; when, 
taking out of this cold mixture, I plunged it 
ſuddenly into a veſſel of boiling water, and pre- 
pared myſelf to obſerve the aſcent of the mercury 
in the incloſed thermometer, as in the foregoing 
Experiments ; but unfortunately the moment the 


end of the glaſs body touched the boiling water, it 
cracked with the Heat at. the point where it had 
been hermetically ſealed, and the water ruſhing into 
the body, ſpoiled the Experiment : : and I have not 
ſince had an opportunity of providing myſelf with 


another inſtrument to repeat it. 


1. having been my intention from the beginning 


to examine the conducting powers of the artificial 
ars or gaſſes, the thermometer No 3. was con- 


ſtructed with a view to thoſe Experiments; and 


having now provided myſelf with a ſtock of thoſe 
different kinds of airs, I began with fixed air, with 
which, by means of water, I filled, the globe and 
cylinder containing the thermometer; and ſtopping 
up the two holes in the great ſtopple cloſing the 
end of the cylinder, I expoſed the inſtrument in 

freezing 
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414 Obe Propagation..of Heat 
freezing water till the mercury in the incloſed 


thermometer had deſcended to o; when, taking 
it out of the freezing water, I plutigetd' it into a 
large veſſel of boiling water, and prepared myſelf 


to obſerve the times of heating, as in the former 
caſes; but an accident happened, which ſuddenly 


put a Bop: to the Experiment. Immediately upon 
plunging the inſtrument into the boiling water, the 
mercury began to rife in the thermometer with 
ſuch uncommon celerity, that it had paffed the fitſt 
diviſion upon the tube (which marked the 1oth 
degree, according to'REeaumuR's ſcale). before 1 


was aware of its being yet in motion; and having 


chus miſſed the opportunity of dblerritiy the time 


elapfed when the mercury arrived at that point, 1 


was Preparing to obſerve its paſſage of the next, 


when all of a ſudden the ſtopple cloſing the end of 


the cylinder was blown up the chimney with a 
great exploſion, and the thermometer, which, be- 
ing cemented. to it by its tube, was taken along 


with it, and was broken to Pacers and rel in 


* fall. 


This unfortunate Experiment, thou gh it put a 
Rop for the time to the inquiries propoſed; opened 


4 ther way to other reſearches not leſs intereſting. 


Sufpecting that the exploſion was occaſioned by the 


rarefaction of the water which remained attached 
to the inſide of the globe and cylinder after the 
operation of filling them with fixed air; and 
thinking it more than probable, that the uncom- 
mon celerity with which the mercury roſe in the 


nnn was principally owing to the ſame 
cauſe, 


br 


85 2 1 
in various Bufances, _- aa 


ks. I was led to examine the conducting ou | 
| af moiſt air, or air ſaturated with water. 


For this Experiment I provided myſelf with A 


new thermometer Ne 4. the bulb of which, being 


of the ſame; form as thoſe already deſcribed (viz. 


globular) was alſo of the ſame ſize, or half an inch 


in diameter. To receive this thermometer à glaſs 
cylinder was provided, 8 lines in diameter, and 
about 14 inches long, and ae at one end 
by a globe 1 inch in diameter. In the center of 
this. globe the bulb of the thermometer was con- 
fined, by means of the ſtopple which cloſed the 
end of the cylinder; which ſtopple, being near 
2 inches long, received the end of the tube of 
the thermometer into a hole bored through its 
center or axis, and confined the thermometer in its 
place, without the aſſiſtance of any other appara- 
tus. Through this ſtopple two other ſmall : holes 
were bored, and lined with thin glaſs tubes, as in 
the thermometer Ne 3. opening a paſſage into che 


cylinder, which holes were occaſionally ſtopped up 


with ſtopples of cork; but to prevent accidents, 
ſuch as I have before experienced from an ex- 
ploſion, great care was taken not to preſs theſe 
ſtopples into their places with any conſiderable force, 
that they might the more eaſily be blown out by any 


| conſiderably effort of the confined air, or vapour. 


Though in this inſtrument the thermometer 
was not altogether ſo ſteady in its place as in the 
thermometers N* r, N? 2, and N- g. the elaſticity 


of the tube, and the weight of the mercury in the 


bulb of the thermometer, occaſioning a ſmall 
vibration 
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416 1 Of the Propagation of Heat 


_ vibration or trembling of the thermometer upon 
any ſudden motion or jar; yet I preferred this 
method to the others, on account of the lower part 


of this thermometer being entirely free, or ſuf. 


pended-in ſuch a manner as not to touch, or have 
any communication with, che lower part of the 
cylinder or the globe : for though the quantity of 
Heat received by the tube of the - thermometer at 


its contact with the cylinder at its choaks, in the 


inſtruments N* 1. and Nꝰ z. or with the branches 
of the ſteel ſpring in Ne 3. and from thence com- 
municated to the bulb, muſt have been exceedingly 
ſmall ; yet I was defirous to prevent even that, and 
Es other poſſible cauſe of error or inaccuracy. 
Does hu midity augment the OY power 
To determine this queſtion I 1 10 che following 
Experiments, the weather being clear and fine, the 
mercury in the barometer ſtanding at 27 inches 8 
nes, the thermometer at 1 ol ; and the ure 
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Thermometer, Ne 4. | The ſame Thermometer Nd gf 
Surrounded by air dry to] Surrounded by 15 rendered 
che 44th degree of the -quillſas moi as prog." by wettin 
(hygrometer of the Manheimſthe inſide. of the cylinder and 
Academy. globe with water. 

Taken out of — vater, Taktn out of freezing water, 
and and plunged into boiling water. and plunged into | boiling water. 


ah wha 
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„ei theſe Pxperiments it applarss that the e 
tafting power of air is very much increaſed by hu- 
midity. To ſee if the ſame reſult would obtain 
when the Experiment was reverſed, I now took the 
thermometer with the moi? air out of the boiling 4 
water, and plunged it into freezing water; and 
moving it about continually from place to place? in 
the freezing water, I obſerved the times of cooling, 
as fet down in the following Table. N. B. To com- 
pare the reſult of this Experiment with thoſe made 
with dry air, I have placed on one ſide in the fol- 
lowing Table the Experiment in queſtion, and on 
the other fide” the e mags . oro with 
nermometer Sg, VE 
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Of 1 rhe Propagation of Heat 


1. (Exp. N* 7 | 
Thermometer No 4. 
Surrounded by moiſt air. 


arid 0 into freezing water, 


Taten out of boiling water, 


] e Ne 87 
' Thermometer N 2, 
Surrounded by dry air. 
Taken out of boiling water, 
and plunged into freezing Water, 


* * 
p o 
» D* 
\ 


Time elapſed. Heat loſt: Time elapſed. Heat loſt, 
1 — 80 3 _. 
[ "> M. S. 0 M. 8. 3 * N 0 & 

oO 4 70 . 8 
© 14 60 o 34 60 
0 31 50 0 44 50 
3 40 0 55 40 
1 22 30 1 18 30 
| & 8. 20 | "37 20 
| 4 2 10 3 40 10 


8 = total time of 


9 12 = total time of 


— — , 


| =Y from $0? to > oi 


+11 IE, from 80”. to 109. 


Though the 1 of the whole times. of 


MES" ta from 80? to 100 in theſe two Experiments 
appears to have been very ſmall, yet the difference 
of the times taken up by the firſt twenty or thirty 
degrees from the boiling point is very remarkable, 
and ſhows with how much greater facility Heat 


paſſes in moiſt air than in dry air. Even the ſlow- 


neſs with which the mercury in the thermometer 
Ne 4. deſcended in this Experiment from the goth 
to the aoth, and from the 2oth to the 1oth degree, 
oy L attribute i in ſome meaſure to the great conducting 

power of the moiſt air with which it was fſur- 
rounded; for the cylinder containing the thermo. 
meter and. the moiſt air, being not wholly ſubmerged 
in the freezing water, that part of it which remained 


out of the water was neceſſarily { ſurrounded by the 
| air 


uw. 


ha, 
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air of the atmoſphere ; which being much warmer 
than the water, communicated a part of its Heat to 


the glaſs ; which, paſſing from thence into the con- 
tained moiſt air as ſoon as that air became colder 


than the external air, was, through that medium, 


communicated to the bulb of the incloſed thermo- 


meter, which prevented* its cooling ſo faſt as it 
would otherwiſe have done. But when the weather 
becomes cold, I propoſe to repeat this Experiment 
with variations, in ſuch a manner as to put the mat- 
ter beyond all doubt. In the mean time I cannot 
help obſerving, with what infinite wiſdom and good- 
neſs Divine Providence appears to have guarded us 
againſt the evil effects of exceſſive Heat and Cold 
in the atmoſphere; for if it were poſſible for the 
air to be equally damp during the ſevere cold of the 
winter months as it ſometimes is in ſummer, its 
conducting power, and conſequently its apparent 
coldneſs, when applied to our bodies, would be ſo 
much increaſed, by ſuch an additional degree of 
moiſture, that it would become quite intolerable ; 
but, happily for us, its power to hold water in ſo- 
lution is diminiſhed, and with that its power to rob 
us of our animal heat, in proportion as its coldneſs 
ls increaſed. 

Every body knows how very diſagreeable a 
moderate degree of cold is when the air is very 
damp ; and from hence it appears, why the thermo- 
meter is not always a juſt meaſure of the apparent 
or ſenſible Heat of the atmoſphere. 

If colds or catarrhs are occaſioned by our 
bodies being robbed of our animal heat, the reaſon 


plain why thoſe diſorders prevail moſt during the 
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429 Of the Propagation of Heat 
cold autumnal rains, and upon the breaking up of 
the froſt in the ſpring. It is likewiſe plain from 
whence it is that ſleeping in damp beds, and in- 
habiting damp houſes is ſo very dangerous; and 
why the evening air is ſo pernicious in ſummer and 
in autumn, and why it is not ſo during the hard 
froſts of winter. . 

It has puzzled many very able philoſophers and 
phyſicians to account for the manner in which the 
extraordinary degree or rather quantity of Heat is 
generated which an animal body is ſuppoſed to loſe, 
when expoſed to the cold of winter, above what it 
communicates to the ſurrounding atmoſphere in 
warm ſummer weather ; but is it not more than 
probable, that the difference of the quantities of 
Heat, actually loſt or communicated, is infinitely 
leſs than what they have imagined ? | 
Theſe inquiries are certainly very intereſting ; 

and they are undoubtedly within the reach of well 
contrived and well conducted Experiments, But 
taking my leave for the preſent of this curious ſub- 
ject of inveſtigation, I haſten to the ſequel of my 
Experiments. 
Finding ſo great a difference in the conducting 
powers of common air and of the Torricellian va- 
cuum, I was led to examine the conducting powers 
of common air of different degrees of denſity. 
For this Experiment I prepared the thermometer 
Ne 4. by ſtopping up one of the ſmall glaſs tubes 
paſſing through the ſtopple, and opening a paſlage 
into the cylinder, and by fitting a valve to the ex- 
ternal aperture of the other. The inſtrument, 


thus Prepared, being put under the receiver of an | 
air- 


in various Subſtances. 
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ajr-pump, the air paſſed freely out of the globe and 
cylinder upon working the machine, but the valve 
above deſcribed prevented its return upon letting 


air into the receiver. 


The gage of the air- pump 


ſhowed the degree of rarity of the air under the re- 
ceiver, and conſequently of that filling the globe and 
cylinder, and immediately ſurrounding the ther- 


mometer. 


With this inſtrument, the weather being clear 
and fine, the mercury in the barometer ſtanding 
at 27 inches 9 lines, the thermometer at 155, and 
the hygrometer at 47 I made the IG. Ex- 


periments. 

| (Exp. No 20.) (Exp. No 21.) (Exp. No 22.) 

| Thermometer No 4. Thermometer No 4. Thermometer No 4. 

{ Surrounded by com-] Surrounded by air ra-] Surrounded by air ra- 
mon air, barometer refied by pumping till theſrefied by pumping till the 
ſtanding at 27 inches/barometer-gage ſtood at barometer- gage ſtood at 
9 lines, 6 inches 115 x. I inch 2 lines. | 

Taken out of freezing Taken out freezing Taken out o freezing] 
water, and plunged into ævater, and 2 unged ints|\water, and plunged into 
boiling water. boiling water. {boiling Don, | 

Time Heat Time Heat Time Heat 
elapſed. acquired. elapſed. acquired. elapſed, acquired. 
— 00 — 00 ; — 40 4 | 
M. S. 0 M. S. 0 M. S. 0 | 
0 31 10 0 31 10 © 29 10 

© 40 20 oO 38 20 q 35-20 

_ 30 © 44 3 9 49 0 | 

| 0 47 40 O G1 40 13 40 | 
1 50 1 7 50 5 50 | 
„ 1 19 60 I 24 60 
2 28 70 2 27 70 „ 

8 10 17 80 10 21 80 not obſerved. 80 | 

— — 

7 36 total time 7 37 = total time 7 51 S total time 


of heating ſrom o to 
700, 


20. 


of heating from 09 to 


of heating from o to 
70®. 


The reſult of theſe Experiments, I confeſs, ſur- ' 


piled me not a little ; but the diſcovery of truth 
| GG 2 


being 


422 Of the Propagation of Heat 

being the ſole object of my inquiries (having no 
favourite theory to defend) it brings no diſappoint- 
ment along with it, under whatever unexpected 
ſhape it may appear. I hope that further Experi- 
ments may lead to the diſcovery of the cauſe why 
there 1s ſo little difference in the conducting powers 
of air of ſuch very different degrees of rarity, while 
there is ſo great a difference in the conducting 
powers of air, and of the Torricellian vacuum. At 
preſent, I ſhall not venture any conjectures upon 
the ſubje& ; but in the mean time I dare to aſſert, 
that the Experiments I wt made may be de- 
pended on. 

'The time of my ſtay at Manheim being expired 
(having had the honour to attend thither his moſt 
Serene Highneſs the EleQor Palatine, reigning 
Duke of Bavaria, in his late Journey), I was pre. 
vented from purſuing theſe inquiries further at 
that time ; but I ſhall not fail to recommence them 
the firſt lire moment I can find, which I fancy 
| will be about the beginning of the month of No- 
vember. In the mean time, to enable myſelf to 
purſue them with effect, I am ſparing neither la- 
bour nor expence in providing a complete apparatus 
' neceſſary for my purpoſe ; and his Electoral High- 
neſs has been graciouſly pleaſed to order M. An- 
TARIA (who is in his ſervice) to come to Munich 
to aſſiſt me. With ſuch a Patron as his moſt Se- 
rene Highneſs, and with ſuch an aſſiſtant as As- 
TARIA, I ſhall go on in my purſuits with chearful- 
neſs. Would to God that my labours might be 

_ as 


a 
in various Subſtances. 42 3 


as uſeful to others as they will be pleaſant to 
me ! 


I ſhall FROM Sf this chapter with a ſhort account 
of ſome Experiments I have made to determine the 
conducting powers of water and of mercury; and 
with a table, ſhowing at one view the conducting 
powers of all the different mediums which I have 
examined. 

Having filled the glaſs * incloſing the bulb 
of the thermometer N? 4, firſt with water, and then 
with mercury, I made the following Experiments, 


to aſcertain the conducting powers of thoſe two 


Fluids. 
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5 (Exp. No 23.) (Exp. Ne 24, 25, and 26.) 
Thermometer No 4. Thermometer No 4. 
Surrounded by water. | Surrounded by mercury. 
Taken out of freezing watery, and T;, aken out of freezing Tater, and plunged i into 
plunged into boiling water. boiling water. 
. Time elapſed. Hoes 
Time elapſed. Heat acquired. aquired. 
Ex. No 24. Ex. No 25, Ex. No 26. 
| ; 09 —— —— 00 | 
M. S. | 0 M.S M S. M. S. 
O 19 10 — 8 88 O 5 10 
& 20 o 4 © 2 0 5 20 
8 8 30 98 2 O 2 oO 4 30 
0 II 40 O 4 8 98 40 
0 15 2 Oo 4 Oo 4 S 50 
oO 21 60 99 7 O 4 o 8 60 
0 34 70 oO 15 0 8 e 70 
2 13 80 Not obſerved. o 58 Not obſerved, 80 
1 57=total time of heat-j o 41 9 11 o 48 = total | 
ing from oo to 700. times of heating from 09 to 700, 


The total times of heating from oe to 700 in the 


three Experiments with mercury being 41 ſeconds, 
8 6 3 231 ſe- 
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424 Of the Propagation of Heat 
31 ſeconds, and 48. ſeconds, the mean of theſe 
times is 36+ ſeconds; and as in the Experiment 
with water the time employed in acquiring the 
fame degree of Heat was 1 57 = 117 ſeconds, it 
appears from theſe Experiments, that the conduct- 
ing power of mercury to that of water, under the 
circumſtances deſcribed, is as 364 to 117 inverſely, 

or as 1000 to 313. And hence it is plain, why 

mercury appears ſo much hotter, and ſo much 

colder, to the touch than water, when in fact it is 

of the ſame temperature: for the force or violence 

of the ſenſation of what appears hot or cold depends 

not entirely upon the temperature of the body ex- 

citing in us thoſe ſenſations, or upon the degree of 
Heat it actually poſſeſſes, but upon the quantity of 
Heat it is capable of communicating to us, or re- 

ceiving from us, in any given ſhort period of time, 

or it is as the intenſity of the communication; and 

this depends in a great meaſure upon the conducting 

powers of the bodies in queſtion. 

The ſenſation excited in us when we touch any 
thing that appears to us to be Hot is the entrance 
of Heat into our bodies; that of cold is its exit; 
and whatever contributes to facilitate or accelerate 
this communication adds to the violence of the 
ſenſation. And this is another proof that the ther- 
mometer cannot be a juſt meaſure of the intenſity 
of the ſenſible Heat, or Cold, exiſting in bodies; or 
rather, that the touch does not afford us a juſt in- 
dication of their real temperatures. 


A TABLE 


AD 
(FF 


—_— RR 


in various Subſtances. 425 


A TABLE of the conDUCTING PowtRs of the under- 
mentioned MEDIUMS as determined by the foregoing 
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In determining the relative conducting powers 
of theſe mediums, I have compared the times 
of the heating of the thermometers from o* to 70? 
inſtead of taking the whole times from o“ to 809, 
and this I have done on account of the ſmall vari- 
ation in the Heat of the boiling water arifing from 
the variation of the weight of the atmoſphere, and 
alſo on account of the very flow motion of the 

mercury between the 7oth and the Soth degrees, 


and the difficulty of determining the preciſe mo- 
G G 4 | ment 


i 
I 
| 
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not mean to confine myſelf ſolely to the determin- 
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ment when the mercury arrives at the 8oth 
degree. 


Taking now the conducting power of mercury 
=1000, the conducting powers of the other me- 
diums, as determined by theſe EXPErunents,' will be 


as follows, Viz. | : 


Mercury 85 — 1000 
Moiſt air - - - 330 
Water : . - * 


Common air, denſityg G0; 

Rarefied air, denſity So 
Rarefied air, denſity =, 1. 
The Torricellian vacuum 55 


And in theſe proportions are the quantities of Heat 


which theſe different mediums are capable of tranſ- 


mitting in any given time; and conſequently theſe 


numbers expreſs the relative /en/ible temperatures 


of the mediums, as well as their conducting 


powers. How far theſe deciſions will hold good 


under a variation of circumſtances experiment 
only can determine. This is certainly a ſubject 


of inveſtigation not leſs curious in itſelf than it 


is intereſting to mankind ; and I wiſh that what [ 
have done may induce ben to turn their atten- 
tion to this long neglected field of experimental 


inquiry. For my own part, I am determined not 
to quit * 


In the future proſecution of theſe inquiries, I do 


ing 


FL >: 


in various Subſtances. 427 
Pg 


ing of the conducting powers of Fluids; on the 
contrary, ſolids, and particularly ſuch bodies as 
are made uſe of for cloathing, will be principal 
ſubjects of my future Experiments. I have indeed 
already begun theſe reſearches, and have made ſome 
progreſs in them; but I forbear to anticipate a 
matter which will be the ſubje& of a future com- 
munication. 
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The relative Warmth of various 8 8 565 
in making artificial Cloathing, determined by Ex- 
periment.— Relative Warmth of Coverings of the 
fame Thickneſs, and formed of the ſame Subſtance, 
but of different Den/ities.—Relative Warmth of 
Coverings formed of equal Quaniities of the ſame 
Subſtance, diſpoſed in different Ways. — Experi- 
ments made with a View to determine how far the 
Power which certain Bodies poſſeſs of confining 
Heat depends on their chemical Properties. — Ex- 
periments wwith Charcoal—with Lampblack—with 
Wood-aſhes—S?riking Experiments with Semen 
Lycopodii.— All theſe Experiments indicate that the 
Air which occupies the Inter/tices of Subſtances 
uſed in forming Coverings for confining Heat, acts a 
very important Part in that Operation. —T hoſe Sub- 
ftances appear to prevent the air from conducting 
the Heat.—An Inquiry concerning the Manner in 
which this is effected. —T his Inquiry leads to a 
deciſiue Experiment from the Rejult of which it 
appears that Air is a perfect Non- conductor of 
Heat. —T his Diſcovery affords the Means of er- 
- plaining a Variety of intereſting Phenomena in the 
CEconomy of Nature. 195 


[Read before the Rovyar SOCIETY, January 19, 1792. ] 


_ confining and directing of Heat are objects 
of ſuch vaſt importance in the ceconomy of 


human life, that I have been induced to confine my 
_ reſearches 
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reſearches chiefly to thoſe points, conceiving that 
very great advantages to mankind could not fail to 
be derived from the diſcovery of any new facts re- 
lative to theſe operations. 

If the laws of the communication of Heat from 
one body to another were known, meaſures might 
be taken with certainty, in all caſes, for confining 
it, and directing its operations, and this would not 
only be productive of great ceconomy in the articles 
of fuel and clothing, but would likewiſe greatly 
increaſe the comforts and conveniencies of life; 


objects of which the philoſopher ſhould never loſe 


ſight. 

The route which I have e in this inquiry 
is that which I thought bid faireſt to lead to uſeful 
diſcoveries. Without embarraſſing myſelf with any 
particular theory, I have formed to myſelf a plan of 


experimental inveſtigation, which I conceived would 


conduct me to the knowledge of certain facts, of 
which we are now ignorant, or very imperfectly in- 
formed, and with which it is of 2 that we 
ſhould be made acquainted. 

The firſt great object which I had in view in this 
inquiry was to aſcertain, if poſſible, the cauſe of the 
warmth of certain bodies; or the circumſtances 
upon which their power of confining Heat depends. 
This, in other words, is no other than to determine 
the cauſe of the conducting and non- conducting 
power of bodies, with regard to Heat. 

To this end I began by determining by actual 
experiment the relative conducting powers of va- 
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rious bodies of very different natures, both fluids 
and ſolids, of ſome of which Experiments I have 
already given an account in the Paper above men- 
tioned, which 1s publiſhed in the Tranſactions of 
the Royal Society for the year 1786; I ſhall now, 
taking up the matter where I left it, give the con- 
tinuation of the hiſtory of my reſearches. 

Having diſcovered that the Torricellian vacuum 
is a much worſe conductor of Heat than common 
air, and having aſcertained the relative conducting 

powers of air, of water, and of mercury, under dif- 

ferent circumſtances, I proceeded to examine the 
conducting powers of various ſolid bodies, and par- 
ticularly of ſuch ſubſtances as are commonly made 
uſe of for clothing. 

The method of making theſe lnperiments Was as 
follows: a mercurial mee (ſee Fig. 4.) 
whoſe bulb was about es of an inch in diameter, 
and its tube, about 10 inches in length, was ſuſ- 
pended in the axis of a cylindrical glaſs tube, about 
4 of an inch in diameter, ending with a globe 17 
inch in diameter, in ſuch a manner that the centre 
of the bulb of the thermometer occupied the centre 
of the globe; and the ſpace between the internal 
ſurface of the globe and the ſurface of the bulb of 
the thermometer being filled with the ſubſtance the 
conducting power of which was to be determined, 
the inftrument was heated in boiling water, and 
afterwards being plunged into a freezing mixture of 
pounded ice and water, the times of cooling were 


" obſerved, and noted down. 1 
. | The 


% 
in various Subſtancet. 4 


The tube of the thermometer was divided at 
every tenth degree from o, or the point of freezing, 
to 80?, that of boiling water, and theſe diviſions 
being marked upon the tube with the point of a 
diamond, and the cylindrical tube being left empty, 
the height of the mercury in the tube of the ther- 
mometer was ſeen through it. 

The thermometer was confined in its place by 
means of a ſtopple of cork, about 14 inch long, 
fitted to the mouth of the cylindrical tube, through 
the centre of which ſtopple the end of the tube of 
the thermometer paſſed, and in which it was ce- 
mented. 

The operation of introducing into the globe the 
ſubſtances the conducting powers of which are to be 
determined, 1s performed in the following manner : 
the thermometer being taken out of the cylindri- 
cal tube, about. two-thirds of the ſubſtance which is 
to be the ſubje& of the Experiment are introduced 
into the globe; after which, the bulb of the ther- 
mometer is introduced a few inches into the cylin- 
der; and, after it, the remainder of the ſubſtance 
being placed round about the tube of the thermo- 
meter; and laſtly, the thermometer being intro- 
duced farther into the tube, and being brought into 
its proper place, that part of the ſubſtance which, 
being introduced laſt, remains in the cylindrical 
tube above the bulb of the thermometer, is- puſhed 
down into the globe, and placed equally round 
the bulb of the thermometer by means of a 
braſs wire which is paſſed through holes made for 


6 | that 
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that purpoſe i in the ſtopple cloſing the end of the 


cylindrical tube. 
As this inſtrument is W merely for mea - 


ſuring the paſſage of Heat in the ſubſtance the con- 
ducting power of which is examined, I ſhall give it 


the name of paſſage- thermometer, and I ſhall apply the 
fame appellation to all other inſtruments conſtructed 


upon the ſame principles, and. for the ſame uſe, 
which I may in future have occaſion to mention ; 
and as this inſtrument has been ſo particularly de- 
{cribed, both here, and in my former Paper upon 
the ſubject of Heat, in ſpeaking of any others of the 
fame kind 3 in future it will not be neceſſary to enter 


into ſuch minute details. I ſhall, therefore, only 


mention their Ve, or the diameters of their bulbs, 
the diameters of their globes, the diameters of their 
cylinders, and the lengths and diviſions of their 


tubes, taking it for granted that this will be quite 
ſufficient to give a clear idea of the inſtrument. 


In moſt of my former Experiments, in order to 
aſcertain the conducting power of any body, the 
body being introduced into the globe of the paſſage- 
thermometer, the inſtrument was cooled to the 
temperature of freezing water, after which, being 
taken out of the ice water, it was plunged ſuddenly 
into boiling water, and the times of heating from 
ten to ten degrees were obſerved and noted; and 1 
ſaid that theſe times were as the conducting power 
of the body inverſely; but in the Experiments of 


which 1 am now about to give an account, I have 


in general reverſed the operation ; that 1s to ſay, 
inſtead 


FE Lu | 
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inſtead of obſerving the times of heating, I have 
firſt heated the body in boiling water, and then 
plunging it into a mixture of pounded ice and ice- 
cold water, T have noted the times taking up in cooling. 
I have preferred this laſt method to the former, 
not only on account of the greater eaſe and conveni- 
ence with which a thermometer, plunged into a mix- 
ture of water, may be obſerved, than when placed in 
a veſſel of boiling water, and ſurrounded by hot 
ſteam, but alſo on account of the greater accuracy 
of the Experiment : For the heat of boiling water 
varying with the variations of the preſſure of the 
atmoſphere, the Experiments made upon different 
days will have different reſults, and of courſe, ſtrictly 
ſpeaking, cannot be compared together; but the 
temperature of pounded ice and water is ever the 
ſame, and of courſe the reſults of the man; 
are uniform. 
In heating the thermometer, I did not in general 
bring it to the temperature of the boiling water, 
| becauſe this temperature, as I have juſt obſerved, is 
variable; but when the mercury had attained the 7 5* 
of its ſcale, I immediately took it out of the boiling 
water, and plunged it into the ice and water; or, 
which I take to be ſtill more accurate, ſuffering the 
mercury to riſe a degree or two above 755 and then 
taking it out of the boiling water, I held it over the 
veſſel containing the pounded ice and water, ready 
to plunge it into that mixture the moment the mer- 
cury, deſcending, paſſed the 75". 
Having a watch at my ear which beat halt fe. 
conds 0 hich [ counted), noted the time of the 
| paſſage 
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paſſage of the mercury over the diviſions of the 
thermometer, marking 70 and every tenth degree 
from it, deſcending to 10? of the ſcale. I continued 
the cooling to o', or the temperature of the ice and 
water, in very few inſtances ; as this took up much 
time, and was attended with no particular advantage, 
the determination of the times taking up in cooling 
60 degrees of Reaumur's ſcale, that is to ſay, from 
70 to lo, being quite ſufficient to aſcertain the 
conducting power of any body whatever. 

During the time of cooling in ice and water, the 
thermometer was conſtantly moved about in this 
mixture from one place to another ; and there was 
always ſo much pounded ice mixed with the water, 
that the ice appeared above the ſurface of the water ; 
the veſſel, which was a large earthen jar, being firſt 
quite filled with pounded ice, and the» water being 
afterwards poured upon it, and freſh quantities of 
pounded ice being added as the occaſion required. 

Having deſcribed the apparatus made uſe of in 
theſe Experiments, and the manner of performing 
the different operations, I ſhall now proceed to give 
an account of the Experiments themſelves. 

My firſt attempt was to diſcover the relative con- 
ducting powers of ſuch ſubſtances as are commonly 
made uſe of for clothing; accordingly, having pro- 
cured a quantity of raw /#/k, as ſpun by the worm; 
ſheep's wool; cotton wool; linen in the form of the 
" fineſt lint, being the ſcrapings of very fine Iriſh 
linen; the fineſt part of the fur of the beaver, ſepa- 
rated from the ſkin, and from the long hair; the 


fineſt part of the far of a white di hare ; and 
Eiger 
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Eider down; 1 introduced ſucceſſively 16 grains in 


weight of each of theſe ſubſtances into the globe of 
the paſſage· thermometer, and placing it carefully 


and equally round the bulb of the thermometer, I 


heated the thermometer in boiling water, as before 
deſcribed, and taking it out of the boiling water, 
plunged it into pounded ice and water, and ob- 


ſerved the times of cooling. 


But as the interſtices of theſe bodies thus placed 
in the globe were filled with air, I firſt made the 


ments with air were as follow : 


| The bulb of the thermometer ſurrounded by air, | 
| 2 | i. 
: | Exp. No. 1. Exp. No. 2. | Exp. No. 3. 
| , — | Heat - 
Heat loſt. 3 5 
8 Time Time e Time 
Elapſed. 4 elapſed elapſed. þ 
0® — — 10? — 
60 38% 380% 20 39 
0? 46 46 zo® 43 
40? 59 59 | 40? 333 
30? 80 79 50? 67 
5 122 122 S 
10? 231 230 70? 175 | 
[Total times. 570 | 574 __ | 473 | 
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Experiment with air alone, and took the reſult of | 
that Experiment, as a ſtandard by which to com- 
pare all the others; the reſults of three Experi- 


— 
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e Aeg with the \ various ſubſtances therein 
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: — 9 — 23 M4 — part bai . — 
— | 2 = 8 _=_ | 65 \ ih 1 
| Exp. 1. Exp. 4. Exp. 5. Exp. 6. | Exp. 7. | Exp. 8. Exp. 9. Ex. 10. 
600 ö 387 944 79” $3 80“ 99“ 97/1 : 987 
500 46 110 95 95 93 116 117 116 
- "440 59 133 118 | 117 | 115 | 153 | 744 | 146 
300 Yo | 185 | 162 | 152, | 150 | 185 | 193192 
200 122 | 273 | 238 | 221 | 218 265 270 | 268 
100 231 | 489 426 378 | 376 | 478 | 494 | 485 
Total times. | $576 | 1284 | 1118 | 1046 | 1032 | 1296s| 1315 | 1205 


Now the warmth of a body, or its power to con- 
fine, Heat, being as its power of reſiſting the paſſage | 
of Heat through it, (which I ſhall call its aon. con- 
ducting power,) and the time taken up by any body 
in cooling, which is ſurrounded by any medium 
through which the Heat 1s obliged to paſs, being, 
ceteris paribus, as the reſiſtance which the medium 
oppoſes to the paſſage of the Heat, it appears that 


the warmth of the bodies mentioned in the fore- 
going Table are as the times of cooling; the con- 


ducting powers being inverſely as thoſe times, as 


1 have formerly ſhown. 


From the reſults of the foregoing Experiments 
it appears, that of the ſeven different ſubſtances 


made uſe of, bare s fur _ Eider down were the 
Fe" warmelt; 


, 


* ET 
* 
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warmeſt; ; ſtor theſe came beaver's fur; raw ſilk ; 
ſheep's wool; cotton wool; and laſtly, tat; or the 
fcrapings of line linen ; but I acknowledge that the 


differences in the 3 of theſe ſubſtances were 


much leſs than I expected to have found them. 
Suſpecting that this might ariſe from the vo- 
lumes or ſolid contents of the ſubſtances being 
different, (though their weights were the ſame, ) 
ariſing from the difference of their ſpecific gravities; 
and as it was not eaſy to determine the ſpecific gra- 
vities of theſe ſubſtances with accuracy; in order to 
ſee how far any known difference in the volume 
or quantity of the ſame ſubſtance, confined always 
in the ſame ſpace, would add to or diminiſh the 
time of cooling, or to the apparent warmth of the 
covering, I made the three following Experi- 
ments. | 


In the firſt, the bulb of the thermometer was ſur- 
rounded by 16 grains of Eider down; in the 
ſecond by 32 grains ; and in the third by 64 
grains; : and 1 in all theſe Experiments the ſubſtance (7 
was made to occupy exactly the ſame ſpace, viz. 
the whole internal capacity of the glaſs globe, in 
the centre of which the bulb of the thermometer 
was placed; conſequently the thickneſs of the 
covering of the thermometer remained the ſame, 
while its denſity was varied in e to 15 
numbers 1, 2, and 4. 


The reſults of theſe Experiments were as follow : 


& 
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The bulb of the thermometer being furrounded 
„„ bey Hider denn. 


1 Heat loſt. a | 16 grains. | 32 grains. , 64 grains. | 
N et. 1 | | | a Fi ; | 2 
© |(Exp.No.21.)(Exp. No. 12.) (Exp. No. 13.) 
Th | 70? Kei — | — 
„„ 4 169% 1 
+. FE; | 7417 „„ #301 
40” 1 165 -| 
[.- 30% | 192 207 224 
LEE. 20 | 8:1 28 1 
Ci BY 486 565 658 | 


Without ſtopping at preſent to draw any par- 
ticular concluſions from the reſults of theſe Ex- 
periments, I ſhall proceed to give an account of 
fome others, which will afford us a little further 
inſight into the nature of ſome of the circumſtances 
upon which the warmth of covering depends. 
Finding, by the laſt Experiments, that the denſity 
of the covering added ſo conſiderably to the 
warmth of it, its thickneſs remaining the fame, I 
was now deſirous of diſcovering how far the inter- 
nal ſtructure of it contributed to render it more or 
leſs pervious to Heat, its thickneſs and quantity 
of matter remaining the ſame. By internal ſtruc- 
ture, I mean the diſpoſition of the parts of the 
ſubſtance which forms the covering ; thus they 
may be extremely divided, or very fine, as raw 


ſilk 


N 
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ſilk as ſpun by the worms, and they may be 
equally diſtributed through the whole ſpace they 
occupy ; or they may be coarſer, or in larger 
maſſes, with larger interſtices, as the ravelings of 
cloth, or cuttings of threads. 

It Heat paſſed through the ſubſtances made uſe 
of for covering, and if the warmth of the covering 
depended ſolely upon the difficulty which the Heat 
meets with in its paſſage through rhe ſubſtances, or 
ſolid parts, of which they are compoſed; in that 
caſe, the warmth of covering would be always, 
cateris paribus, as the quantity of materials of 
which it is compoſed ; but that this is not the 
caſe, the following, as well as the een Expe- 
riments clearly evince. 

Having, in the Experiment Ne 4, aſcertained 
the warmth of 16 grains of raw ſilk, I now re- 
peated the Experiment with the ſame quantity, 
or weight, of the ravelings of white taffety, and 
afterwards with a like quantity of common ſewing 
ſilk, cut into lengths of about two inches. 

The following Table ſhows the reſults of theſe 
three Experiments: 
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| | Exp. 4 Exp. 14 Exp. 15 
f | 
70 — — — 
60 | 94" 8 go" 67" | 
50? Fro 73-200 79 
40? 133 128 99 
30? . 172 135 
209 273 2246 195 
10? 489 | 427 342 
| | Tow times 1284 i169 | 917 | 


Here, notwithſtanding that the quantities of the 
filk were the ſame in the three Experiments, and 
though in each of them it was made to occupy the 
Tame ſpace, yet the warmth of the coverings which 
were formed were very different, owing to the dit- 
ferent diſpoſition of the material. 

The raw filk was very fine, and was very equally 
diſtributed through the _ it occupied, and it 
formed a warm covering. 

The ravelings of taffety were alſo fine, but not 
fo fine as the raw ſilk, and of courſe the interſtices 
between its threads were greater, and it was leſs 
warm; but the cuttings of ſewing ſilk were very 
one, and conſequently it was very unequally diſ- 
| tributed in the ſpace in which it was confined ; and 


it made a yery bad covering for confining Heat. 


It 
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It is deve from the reſults of the five laſt Experi- 
ments, that the air which occupies the interſtices 
of bodies, made uſe of for covering, acts a very 
important part in the operation of confining Heat; 
yet I ſhall poſtpone the examination of that circum- 
ſtance till I ſhall have given an account of ſeveral 
other Experiments, which, I think, will throw full 
more light upon that ſubject. 

But, before I go any further, I will give an ac- 
count of three Experiments which I made, or 
rather the ſame Experiment which I repeated three 
times the ſame day, in order to ſee how far Expe- 
riments of this kind may be depended on, as being 
regular in their reſults. 

The glaſs globe of the paſſage-thermometer 
being filled with 16 grains of cotton-wool, the 
inſtrument was heated and cooled three times ſuc- 

ceſſively, when the times of cooling were obſerved 
As Es 5 | 


> "OWE — 


Heat loſt. Exp. 16 Exp. 17. | Exp. 18. 
70 — —, — 
60? 82” 84” 83" 
go?.. 96 95 95 
40? 118 1 116 
30 152 153 151 
20? 221 221 220 
10” 380 377 377 

| Total times. 1049 x | 1047 | | 1042 


The difference of the times of cooling in theſe 
three Experiments was extremely ſmall ; but re- 
| HH 4 gular 
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gular as theſe Experiments appear to have been in 
their reſults, they were not more ſo than the other 
Experiments made in the ſame way, many of which 
were repeated two or three times, though, for the 
fake of brevity, I have put them down as fin gle 
Experiments. 

But to proceed in the account of my ths 
tions relative to the cauſes of the warmth of warm 
clothing. Having found that the fineneſs and equal 
diſtribution of a body or ſubſtance made uſe of to 
form a covering to confine Heat, contributes ſo 
much to the warmth of the covering, I was 
deſirous, in the next place, to ſee the effect of con- 
denſing the covering, its quantity of matter remain- 
ing the ſame, but its thickneſs being diminiſhed in 
proportion to the increaſe of its denſity. 

The Experiment I made for this purpoſe was as 
follows :—T took 16 grains of common ſewing 
filk, neither very fine nor very coarſe, and winding 
it about the- bulb of the thermometer in ſuch a 
manner that it entirely - covered it, and was as 
nearly as poſſible of the fame thickneſs in every 
part, I replaced the thermometer in its cylinder and 
globe, and heating it in boiling water, cooled it in 
ice and water, as in the foregoing Experiments. 
The reſult of the Experiment may be ſeen in the 
following Table; and in order that it may be 
compared with thoſe made with the ſame quantity 
of filk differently diſpoſed of, I have placed thoſe 
Experiments by the fide of it; 


in various Subſtances. 
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It is not a little remarkable, that, though the 
covering formed of ſewing ſilk wound round the 
bulb of the thermometer in the 19th Experiment, 
appeared to have ſo little power of confining the 
Heat when the inſtrument was very hot, or when 
it was firſt plunged into the ice and water, yet 
afterwards, when the Heat of the thermometer ap- 
proached much?nearer to that of the ſurrounding 
medium, its power of confining the Heat which 
remained in the bulb of the thermometer appeared 
to be even greater than that of the filk in the 
Experiment N' 15, the time of cooling from 20 to 
10” being in the one 399”, and in the other 342”. 
The ſame appearance was obſerved in the following 
Experiments, in which the bulb of the thermome- 
ter was ſurrounded by threads of , of cotton, 
and of linen, or flax, wound round it, in the like 

manner 
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manner as the ſewing. filk was wound round it in 
the laſt Experiment. 
The following Table ſhows the ale of theſe 


Experiments, with the threads of various kinds ; 


and that they may the more eaſily be compared 
with thoſe made with the ſame quantity of the ſame 


ſubſtances in a different form, I have placed the ac- 


counts of theſe Experiments by the fide of each 
other. I have alſo added the account of an Expe- 
riment, in which 16 grains of fine linen cloth were 
wrapped round the bulb of the thermometer, going 
round it nine times, and being bound together 
at the top and bottom of it, ſo as completely to 
cover it. 


1 


— 


— 


That thread wound light round the bulb of the 


thermometer ſhould form 'a covering leſs warm 


than the ſame quantity of wool, or other raw 
| materials 


N | 
in various Subſtances. „ m_ 


materials of which the thread is made, ſurrounding 
the bulb of the thermometer in a more looſe man- 
ner, and conſequently occupying a greater ſpace, 
is no more than what I expected, from the idea I 
had formed of the cauſes of the warmth of cover- 
ing; but I confeſs I was much- ſurpriſed to find 
that there is ſo great a difference in the relative 
_ warmth of theſe two coverings, when they are em- 


ployed to confine great degrees of Heat, and when 


the Heat they confine is much leſs in proportion to 
the temperature of the ſurrounding medium. This 
difference was very remarkable ; in the Experi- 
ments with ſheep's wool, and with woollen thread, 
the warmth of the covering formed of 16 grains of 
the former, was to that formed of 16 grains of the 
latter, when the bulb of the thermometer was 
heated to 70? and cooled to 60?, as 79 to 46 (the 
| ſurrounding medium being at o); but afterwards, 
when the thermometer had only fallen from 20 to 
10e of Heat, the warmth of the wool was to that 


of the woollen thread only as 426 to 410; and in 


the Experiments with lint, and with linen thread, 

when the Heat was much abated, the covering of 
the thread appeared to be even warmer than that 
of the lint, though in the beginning of the Experi- 
ments, when the Heat was much greater, the lint 


was warmer than the thread, in the proportion of 


80 to 46. 


From 3 it ſhould ſeem that a covering may, 


under certain circumſtances, be very good for con- 
fining ſmall degrees of warmth, which would be 
| but yery indifferent when made uſe of for confining 
a more 
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a more intenſe Heat, and vice verſa. This, I be. 
lieve, is a new fact; and, I think the knowledge of 
it may lead to farther diſcoveries relative to the 
cauſes of. the warmth of coverings, or the manner 
in which Heat makes its paſſage through them. 
But TI forbear to enlarge upon this ſubject, till I 
Thall have given an account of ſeveral other Expe- 
riments, which I think throw more light upon it, 
and which will conſequently render the inveſtigation 
eaſier and more ſatisfactory. | 
With a view to determine how far the power 
which certain bodies appear to poſſeſs of confining 
Heat, when made uſe of as covering, depends 
upon the natures of thoſe bodies, conſidered as 
chymical ſubſtances, or upon the chymical prin- 
cCiples of which they are compoſed, I made the 
following Experiments. | 
As charcoal 1Welappoſed to be compoſed dt 
entirely of phlogiſton *, I thought that, if that prin- 
ciple was the cauſe either of the conducting power, 
or the non- conducting power of the bodies which 
contain it, I ſhould diſcover it by making the Expe- 
riment with charcoal, in the manner as I had done 
with various other bodies. Accordingly, having 
filled the globe of the paſſage-thermometer with 176 
grains of that ſubſtance in very fine powder, (it 
Having been pounded in a mortar, and fifted through 
a fine ſieve,) the bulb of the thermometer being 
ſurrounded by this powder, the inſtrument was 
heated in boiling water, and being afterwards 
This was written in the year 1787, when Phlagiſton was by many 


{oppoſed to . a real exiſtence, 
plunged 


72 
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plunged into a mixture of pounded ice and water, 
the times of cooling were obſerved as mentioned in 
the following Table. I afterwards repeated the 
Experiment with lampblack, and with very pure 
and very dry wood aſhes; the reſults of which 


8 Experiments were as under- mentioned: 


„ n 
| The bulb of the thermometer ſurrounded by 
| Inn 
| | I76 grains of 176 grains of | 295 grains of 30 grains of | 
Heat loſt. | fine powder] fine powder] lampblack. pure dry 
of charcoal. | of charcoal. wood aſhes. | 
Exp. No. 24. Exp. No. 25. Exp. No. 26. Exp. No. 27. 
60 79" 9 x 3 7 Y 96* 
505 95 9¹ 118 on... 
40? 100 109 134 107 
30? 139 133 164 136 
20 196 192 237 185 
10² 331 321 3944 311 
Fam ries. 940 | 937 ; | 1 | 927 


— 


The Experiment N' 25 was ſimply a repetition 
of that numbered 24, and was made immediately 
after it; but, in moving the thermometer about in 
the former Experiment, the powder of charcoal 
which filled the globe was ſhaken a little together, 
and to this circumſtance IJ attribute the difference 
in the reſults of the two Experiments. 

In the Experiments with lampblack, and with 
wood aſhes, the times taken up in cooling from 
70? to 60 were greater than thoſe employed in 
cooling from 60? to 50%; this moſt probably aroſe 
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from the conſiderable quantity of Heat contained 
by theſe ſubſtances, which was firſt to be diſpoſed 
of, before they could receive and communicate to 
the ſurrounding medium that which was contained 
by the bulb of the thermometer. 


The next Experiment I made was with ſemen 
Heopodii, commonly called witch-meal, a ſubſtance 
which poſſeſſes very extraordinary properties. It is 
almoſt impoſſible to wet it; a quantity of it ſtrewed 
upon the ſurface of a baſin of water, not only 
ſwims upon the water without being wet, but it 
prevents other bodies from being wet which are 
plunged into the water through it; ſo that a piece 
of money, vr other ſolid body, may be taken from 
the bottom of the baſin by the naked hand, with- 
out wetting the hands; which is one of the tricks 
commonly ſhown by the jugglers in this country 
Gavaria): : this meal covers the hand, and deſcend- 
ing along with it to the bottom of the baſin, 
defends it from the water. This ſubſtance has the 
appearance of an exceeding fine, light, and very 
moveable yellow powder, and it is very inflammable; 
ſo much ſo, that being blown out of a quill into the 
flame of a candle, it flaſhes like gunpowder, and it 
is made uſe of in this manner in our theatres for 
\ Imitating lightning. 
Conceiving that there muſt have been a ſtrong 
attraction between this ſubſtance and air, and ſuſ- 
pecting, from ſome circumſtances attending ſome 
of the foregoing Experiments, that the warmth of 


a covering depends not merely upon the fineneſs of 
the 
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the ſubſtance of which the covering is formed, and 
the diſpoſition of its parts, but that it ariſes in ſome 
meaſure from a certain attraction between the ſub- 
ſtance and the air which fills its interſtices, I thought 
that an Experiment with /emen lycopodii might poſ- 
fibly throw ſome light upon this matter; and in 
this opinion I was not altogether miſtaken, as will 
appear by the reſults of the three W Expe- 
riments. | 


b 1 1 1 N 5 | 1 
| | The bulb of the thermometer ſurrounded by 
| 256 grs, of /emen Hycopodii. 1 
owe hol Row Cooled, | 2 eat Heated. 
Exp. No. 28. Exp. No. 29. acquired. Exp. No. 30. 
| | 
709 — — o — 
609 146" 063 10? 230” 
50 162 160 20⁰ 68 
400 175 3 63 
zo? 209 203 40? 70 
20® 284 288 50? I2I 
10? 502 513 60? 316 
= * ow 70⁰ 1585 
| Total times. 1 478 1491 — 2459 
In the laſt Experiment (N* 30) the reſult. of 


which was ſo very extraordinary, the inſtrument 
was cooled to oe in thawing ice, after which it was 
plunged ſuddenly into boiling water, where it re- 
mained till the incloſed thermometer had acquired 
the Heat of 70%, which took up no leſs than 2456 
Teconds, or above 40 minutes z * it had remained 
in 
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in the Poilin 8 water full a minute and an half befor 


the mercury in the thermometer ſhowed the leaſt 


An of ri eing. Having at length been put into mo- 
tion, it roſe very rapidly 40 or 50 degrees, after 
which its motion gradually abating became ſo ſlow, 


that it took up 1 58 5 ſeconds, or ſomething more 


than 26 minutes, in riſing from 60? to 70, though 
the temperatureof the mediumin which it was placed 
during the whole of this time was very nearly 80? ; 
the mercury in the barometer ER but inte 
ſhort of 27 Paris inches. 

All the different ſubſtances which I had yet made 
uſe of in theſe Experiments for ſurrounding or 
covering the bulb of the thermometer, fluids ex- 
cepted, had, in a greater, or in a leſs degree confined 
the Heat, or prevented its paſting into or out of the 


thermometer ſo rapidly as it would have done, had 


there been nothing but air in the glaſs globe, in the 
centre of which the bulb of the thermometer was 
ſuſpended. But the great queſtion is, how, or in 
what manner, they produced this effect ? 
And firſt, it was not in conſequence of their own 
non- conducting powers, ſimply conſidered ; for, if 
inſtead of being only bad conductors of Heat, we 
ſuppoſe them to have been totally impervious to 
Heat, their volumes or ſolid contents were ſo ex- 
ceedingly ſmall in proportion to the capacity of the 
globe in which they were placed, that, had they 
had no effect whatever upon the air filling their in- 
terſtices, that air would have been ſufficient to have 
conducted all the Heat communicated, in leſs time 


than was actually taken 135 in the Experiment. | 
f Th 


— — 1 


5 tha 
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The diameter of the globe being 1,6 inches, its 


contents amounted to 2, 14466 cubic inches; ; ad ” 
the contents of the bulb of the thermometer being 


only 0,087 11 of a cubic inch, (its diameter being 


' 0,55 of an inch, ) the ſpace between the bulb of the 


thermometer and the internal ſurface of the globe 
amounted to 2,14466—0,08711= 22, 05755 cubic 
inches; the whole of which ſpace was occupied 
by the ſubſtances by which the bulb of the ther- 
mometer was ſurrounded in the Experiments in 
queſtion. 


But though theſe aten ie this ſpace, 


they were far from fling it; by much the greater 
part of it being filled by the air which occupied the 
interſtices of the ſubſtances in queſtion. In the 


Experiment N* 4, this ſpace was occupied by 16 


grains of raw ſilk ; and as the ſpecific gravity of raw 
ſilk is to that of water as 1734 to 1000, the volume 
of this ſilk was equal to the volume of 9,4422 


grains of water; and as 1 cubic inch of water weighs _ 


253,185 grains, its volume was equal to 23, 
o, 37294 of a cubic inch; and, as the ſpace 
it occupied amounted to 2,05755 cubic inches, it 


appears that the ſilk filled no more than about , 


part of the ſpace in which it was confined, the 
reſt of that ſpace being filled with air. 
In the Experiment N* 1, when the ſpace between 
the bulb of the thermometer and the glaſs globe, 
in the centre of which it was confined, was filled 
with nothing but air, the time taken up by. the 
thermometer in cooling from 70% to 10% was 
VOL. II. 11 535 
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576 ſeconds ; but in the Experiment Ne 4, when 
this ſame ſpace was filled with 54 parts air, and 
3 part raw ſilk, the time of TRE was _ 
ſeconds. _ | 

Now, ſuppoſing that the ſilk bad been totally i in- 


0 capable of conducting any Heat at all, if we ſuppoſe, 


at the ſame time, that it had no power to prevent 
the air remaining in the globe from conducting it, 
in that caſe its preſence in the globe could only have 
prolonged the time of cooling in proportion to the 
quantity of the air it had diſplaced to the quantity 
remaining, that is to ſay, as 1 is to 54, or a little 
more than 10 ſeconds. But the time of cooling 

was actually prolonged 708 ſeconds (for in — 
Experiment No 1, it was 576 ſeconds, and in the Ex- 
periment Ne 4, it was 1284 ſeconds, as has juſt 
been obſerved) ; and this ſhows, that the filk not 
only did not conduct the Heat itſelf, but that it pre- 
vented the-air by which its interſtices were filled 
from conducting it; or, at leaſt, it greatly weakened | 
its power of conducting it. 


The next queſtion which ariſes i is, how ain, can 
be prevented from conducting Heat? and this 
neceſſarily involves another, which is, how does 

air conduct Heat? | 


If air conducted Heat, as it is probable that the 
metals and water, and all other ſolid bodies and 
unelaſtic fluids conduct it, that is to ſay, if its par- 
ticles remaining in their places, the Heat paſſed 


from one Fel to * menen the whole 
4 = mals, 


9 
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mals, —as there is no reaſon to ſuppoſe that the 
Propagation, of Heat is neceſſarily in right lines, 

TI cannot conceive how the n er of ſo ſmall 
a quantity of any ſolid body as r part of the 
volume of the air could have effected ſo remarkable 
a diminution of the conducting power of the air, 
as appeared in the Experiment (Ne 4) with raw 
ſilk, above mentioned. 

If air and water conducted Heat in the ſame 
manner, it is more than probable that their con- 
ducting powers might be impaired by the ſame 
means; but when I made the Experiment with 
water, by filling the glaſs globe, in the centre of 
which the bulb of the thermometer was ſuſpended, 
with that fluid, and afterwards varied the Experi- 
ment, by adding 16 grains of raw ſilk to the 
water, I did not find that the conducting power 


of the water was ſenſibly impaired by the preſence 
of the filk *. 


But we have juſt ſcen that the ſame ſilk, mixed 
with an equal volume of air, diminiſhed its con- 
ducting power in a very remarkable degree; con- 
ſequently, there is great reaſon to conclude that 
water and air conduct Heat in a different manner. 

But the following Experiment, I 1 puts 
the matter beyond all doubt. 


„ TTT 
8 3 


1 4 A 
p — 2p 1 ———— je wad D —— 
- 1 . " * — 
ug * 5 + — —— — 2 — 2 „ - 
2 IS © 7 — . — -p — F 
' > , L g —_— 7 * 
S > * n 
mT, 5 & 2 122 I as prey p 92 Jo ? 2 4 
9322 F . 2 ̃7˙ —E DS _— 
. v - —. — * » 49-4 —— _—_—  — * — 
—— . — * 5 ** 10 
_— —_ “9 —˙·‚] * N r 3 2 
* — a 19 II» —— 4h a ws 9 


-- — a 
A Lo n p rao 7 — rY hs Mc 
2 * 2 = 2 — x 1 1 e , 
4 pigs” - 1 * 1 — = = — » ' - — 2 r 
* 2" 4 *# * RIC : 4 | ö F * p »” 406 5 V4 * Wye of 's 1 5 * ** ) ws TY 
9 gt SR — rr 3 FA . „ > ren * 
1 ER — 4 2 * „ n — — TT... CE 92 _ - 

Mo a IN 9 INS we . 8 * 4 bn 200 —— 2 I mo 8 

N. 3 ee > 00 eee E 4 Ne 8 p . LIN PETE? . 
A AS odds * wy AIC. : 5 n D * \ 
— 


_ 
cr Sy * 
e 
* —— — — 
„ ag 


« "5 2 * 
——— —— — 


— . I as 

AL wa — 2 — 
r Pres . 
—— * 2 
B erg 


% 
. 22 
2 


— 


* * . 5 * * * Be 
3 2 — ͤů —-—. 
— 12 — 


ef The Experiment here. mentioned was made in \ the year 1787; 
but the reſult of a more careful inveſtigation of the ſubje& has ſince 

| ſhown that Heat is not propagated in water in the manner here 
8 2 (See Eſſay VII.) 
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It is well known, that the power which air 
poſſeſſes of holding water in ſolution is augmented 
by Heat, and diminiſhed by cold, and that, if hot 
air is ſaturated with water, and if this air is after- 
-wards cooled, a part of its water is neceſſarily 
depoſed. 

1 wok a 3 bottle of very clear tranſ. 
parent glaſs, about 8 inches in diameter, and 12 
inches high, with a ſhort and narrow neck, and 
ſuſpending a ſmall piece of linen rag, moderately 
wet, in the middle of it, I plunged it into a large 
veſſel of water, warmed to about 100? of Fahren- 
heit's thermometer, where I ſuffered it to remain 
till the contained air was not only warm, but. tho- 
roughly ſaturated with the moiſture which it at- 
tracted from the linen rag, the mouth of the bottle 
being well ſtopped up during this time with a good 
cork 3 this being done, I removed the cork for 
a moment, to take away the linen rag, and ſtopping 

up the bottle again immediately, I took it out of 
-the warm water, and plunged it into a large cylin- 
drical jar, about 12 inches in diameter, and 16 
inches high, containing juſt ſo much ice-cold water, 
that, when the bottle was plunged 1 into it, and quite 
covered by it, the jar was quite full. 
As the jar was of very fine tranſparent glaſs, as 
well as the bottle, and as the cold water contained 
in the Jar was perfectly clear, I could ſee what 
paſſed in the bottle moſt diſtinctly; and having 


taken care to place the we upon a table near the 
window, 


» " 
7 
ww 


window, 1n a very favourable light, I ſet myſelf to 
_ obſerve the appearances which ſhould take place, 
with all that anxious expectation which a conviction 
that the reſult of the Experiment muſt be nn 
| naturally inſpired. : 

I as certain, that the air contained in the bottle 
could not part with its Heat, without at the ſame 


time, that is to lay, at the fame "moment, and in the 


ſame place, parting with a portion of its water; if, 


therefore, the Heat penetrated the maſs of air from 


the centre to the ſurface, or paſſed through it from 
particle to particle, in the ſame manner as it is pro- 
bable that it paſſes through water, and all other 
unelaſtic fluids*, by far the greateſt part of the air 
contained i in the bottle would part with its Heat, 

when not actually in contact with the glaſs, and a 
proportional part of its water being let fall at the 
ſame time, and in the ſame place, would neceſſarily 
deſcend in the form of rain; and, though this rain 
might be too fine to be viſible in its deſcent, yet I 
was ſure I ſhould find it at the bottom of the bottle, 
if not in viſible drops of water, yet in that kind of 
_ cloudy covering which cold glaſs acquires from a 
contact with hot ſteam or watery vapour. 

But if the particles of air, inſtead of communi- 
cating their Heat from one to another, from the 
centre to the ſurface of the bottle, each in its turn, 
and for itſelf, came to the ſurface of the bottle, and 


This opinion reſpecting the manner in which Heat is propagated 
in water, and other unelaſtic fluids, was afterwards found to be erro- 
owe as has been ſlꝛe wn in the preceding Ely, 
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there depoſited its Heat and its water, I concluded 
that the cloudineſs occaſioned by this depoſit of 

water would appear all over the bottle, or, at leaſt, 
not more of it at the bottom than at the ſides, 
but rather leſs; 1 and this I found to be the caſe 
RS 1 

The cloudineſs firſt made its appearance upon 
the ſides of the bottle, near the top of it; and 
from thence it gradually ſpread itfelf downwards, 
till, growing fainter as it deſcended lower, it was 
hardly viſible at the diſtance of half an inch from 
the 3 of the bottle; and upon the bottom 
iel, which was nearly flat, there was earcely the 
fmalle/? appearance of cloudineſs. _ | 

Theſe appearances, I think, are eaſy to be ac- 
tounted for. The air immediately in contact with 
the glaſs being cooled, and having depoſited a part 
of its water upon the ſurface of the glaſs, at the 
fame time that it communicates to it its Heat, 
Nlides downwards by the ſides of the bottle in con- 
ſequence of its increaſed ſpecific gravity, and, 
taking its place at the bottom of the bottle, forces 
the whole mals of hot air upwards ; which, in its 
turn coming to the ſides of the bottle, there de- 
poſits its Heat and its water, and afterwards bend- 
ing its courſe downwards, this circulation is con- 
tinued till all the air in the bottle has acquired the 
exact temperature of the water in the jar. 

From hence it is clear why the firſt appearance 
of condenſed vapour is near the top of the bottle, 


as alſo why the greateſt collection of vapour is in 
| that 


. > 


CT 


© 


5 11 various SubPances. +” 1 +57. 
that part, and that ſo very ſmall a quantity of i it ” 
found nearer the bottom of the bottle. 


This Experiment confirmed me in an opinion 
which I had for ſome time entertained, that, though 
the particles of air, individually, or each for itſelf, 
are capable of receiving and tranſporting Heat, yet 
air in a quieſcent ſtate, or as a fluid whoſe parts are 
at reſt with reſpect to each other, is not capable of 
conducting it, or giving it a paſſage; in ſhort, that 
Heat is incapable of paſſing through a maſs of air, 
penetrating trom one particle of it to another, and 
that it is to this circumſtance that its non-conduct- 
ing power is principally owing. 

It is alſo to this circumlfance.. in a great meaſure, | 
that it is owing that its non- conducting power, or 
its apparent warmth when employed as a covering 
for confining Heat, is ſo remarkably increaſed upon 
its being mixed with a ſmall quantity of any very 
fine, light, ſolid ſubſtance, ſuch as the raw ſilk, 
fur, Eider down, &c. in the foregoing Experi- 
ments : for, as I have already obſerved, though 
theſe ſubſtances, in the very ſmall quantities in 
which they were made uſe of, could hardly have. 
prevented, in any conſiderable degree, the air from 
conducting, or giving a paſſage to the Heat, had it 
been capable of paſſing through it, yet they might 
very much impede it in the operation of tranſport- 
ing it. 1 
But there is another circumſtance which it is 
neceſſary to take into the account, and that is the 


attraction which ſubſiſts between air and the bodies 
114 above- | 
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above-mentioned, and other like ſubſtances, conſti. 
tuting natural and artificial clothing : for, though | 
the incapacity of air to give a paſſage to Heat in the 
manner ſolid bodies permit it to paſs through them, 
may enable us to account for its warmth under cer- 
tain circumſtances, yet the bare admiſſion of this 
principle does not ſeem to be ſufficient to account 
for the very extraordinary degrees of warmth which 
we find in furs and in feathers, and in various other 
kinds of natural and artificial clothing; nor even 
that which we find in ſnow; for if we ſuppoſe the 
particles of air to be at liberty to carry off the Heat 
which theſe bodies. are meant to confine, without 
any other obſtruction or hindrance than that ariſing 
from their vis inertiæ, or the force neceſſary to put 
them in motion, it ſeems probable that the ſucceſ- 
ſion of freſh particles of cold air, and the conſe- 
quent loſs of Heat, would be much more * than 
we find it to be in fact. 

That an attraction, and a very ob one, 
actually ſubſiſts between the particles of air, and 
the fine hair or furs of beaſts, the feathers of birds, 
wool, &c. appears by the obſtinacy with which 

theſe ſubſtances retain the air which adheres to 
them, even when immerſed in water, and put 
-under the receiver of an air pump ; and that this 


attraction is eſſential to the warmth of theſe bodies, 


I think is very eaſy to be demonſtrated. 
In furs, for inſtance, the attraction between the 
particles of air, and the fine hairs in which it is 


concealed, "RE emer than the increaſed elaſ- 
ticity, 


* # 
Ki WEL 
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”” FR: 
ticity, or repulſion of thoſe particles with regard 


to each other, ariſing from the Heat communicated 


to them by the animal body; the air in the fur, 
though heated, is not eaſily diſplaced ; and this 
coat of confined air is the real barrier which de- 


fends the animal body from the external cold. 


This air cannot carry off the Heat of the animal, 


becauſe it is itſelf confined, by its attraction to the 


hair or fur; and it tranſmits it with great difficulty, 
if it tranſmits at all, as has been abundantly ſhewn 
by the foregoing Experiments. 

Hence it appears why thoſe furs which are the 
fineſt, longeſt, and thickeſt, are likewiſe the warm- 
eſt ; and how the furs of the beaver, of the otter, 
and: of other like quadrupeds which live much in 
water, and the feathers of water. fowls, are able to 
confine the Heat of thoſe animals in winter, not- 
withſtanding the extreme coldneſs and great con- 
ducting power of the water in which they ſwim. 
The attraction between theſe ſubſtances, and the 
air which occupies their interſtices, is ſo great, that 


this air is not diſlodged even by the contact of 


water, but remaining in its place, it defends the 
body of the animal at the ſame time from being 
wet, and from being robbed of its Heat by the ſur- 
rounding cold fluid; and it is poſſible that the 
preſſure of this fluid upon the covering of air con- 
fined in the interſtices of the fur, or feathers, may 
at the ſame time increaſe its warmth, or non- con- 
ducting power, in ſuch a manner that the animal 


may not, in fact, loſe more Heat when in water, than 


when 
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when in air: for _ have ſeen by the foregoing 
Experiments, that, under certain circumſtances, 
the warmth of a covering is increaſed, by bringing 
its component parts nearer together, or by in- 
creaſing its denſity even at the expence of its thick- 
neſs. But this point will be Further ene 


hereafter. 

Bears, wolves, * es * other like 
quadrupeds, inhabitants of cold countries, which 
do not often take the water, have their fur much 
thicker upon their backs than upon their bellies. 
The heated air occupying the interſtices of the 
hairs of the animal tending naturally to riſe up- 
zvards,. in conſequence of its increaſed elaſticity, 
would eſcape with much greater eaſe from the 
backs of quadrupeds than from their bellies, had 
not Providence wiſely guarded againſt this evil by 
increaſing the obſtructions in thoſe parts, which 
entangle it and confine it to the body of the animal. 
And this, I think, amounts almoſt to a proof of 
the principles aſſumed relative to the manner in 
which Heat is carried off by air, and the cauſes of 
the non-· conducting power of air, or its apparent 
warmth, when, being combined with other bodies, 
it acts as a covering for confining Heat. 


The ſnows which cover the ſurface of the earth 
in winter, in high latitudes, are doubtleſs deſigned 
by an all- provident Creator as a garment to defend 
it againſt the piercing winds from the polar N 
which prevail during the cold ſeaſon. 


Theſe 
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- Theſe winds, notwithſtanding the vaſt tracts of 
continent over which they blow, retain their ſharp- 
neſs as long as the ground they paſs over is covered 
with ſnow; and it is not till meeting with the 


ocean, they acquire, from a contact with its waters, 


the Heat which the ſnows prevent their acquiring 
from the earth, that the edge of their coldneſs is 


taken off, and they gradually die away and — 
1 


The winds are always found to be much cala 


when the ground is covered with ſnow than when 


it is bare, and this extraordinary coldneſs is vul- 
garly ſuppoſed to be communicated to the air by 
the ſnow; but this is an erroneous opinion; for 
theſe winds; are in general . colder than the 


ſow itſelf, 


They retain _— coldneſs, becauſe the Fa pre- 
vents them from being warmed at the expence of 
the earth; and this is a ſtriking proof of the uſe of 
the duns in preſerving the Heat of the earth 


during the winter in cold latitudes. 


It is remarkable that theſe winds ſeldom blow 


from the poles directly towards the equator, but 


from the land towards the ſea. Upon the eaſtern 
coaſt of North America the cold winds come from 
the north-weſt; but upon the weſtern coaſt of 


Europe, they blow from the north-eaſt, 
That they ſhould blow towards thoſe parts where 
they can moſt eafily acquire the Heat they are in 


ſearch of, is not extraordinary; and that they 


mould gradually ceale and die away, upon being 
warmed 
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Wario by a cond with the waters of the ocean, 
is likewiſe agreeable to the nature and cauſes of 
their motion; and if I might be allowed a conjec- 
ture reſpecting the principal v/e of the ſeas, or the 
reaſon why the proportion of water upon the ſur- 
face of our globe is ſo great, compared to that of 
the land, it is ro maintain a more equal temperature 
in the different climates, by heating or cooling the 
winds which at certain pericds blow. from the great 
continents. 

| That cold winds actually grow much milder 
upon paſſing over the ſea, and that hot winds are 
refreſhed by a contact with its waters, is very cer- 
tain; and it is equally certain that the winds from 
the ocean are, in all climates, much more temperate 
than thoſe which blow from the land. 

In the iſlands of Great Britain and Ireland, there 
is not the leaſt doubt but the great mildneſs of the 
climate 1s entirely owing to their ſeparation from 
the neighbouring continent by ſo large a tract 
of ſea; and in all ſimilar ſituations, in every part of 
the alot, ſimilar cauſes are found to produce 
ſimilar effects. g 

The cold north-weſt winds, which prevail upon 
the coaſt of North America during the winter, ſel- 
dom extend above 100 leagues from the ſhore, and 
they are always found to be leſs violent, and leſs: 
piercing, as they are further from the land. | 

Theſe periodical winds from the continents of 
Europe and North America prevail moſt towards 
the end of the month of February, and in the month 


of 


.N 
9 5 
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of March; and I conceive that they contribute 
very eſſentially towards bringing on an early ſpring, 


and a fruitful ſummer, particularly when they are 


very violent in the month of March, and if at that 
time the ground is well covered with ſnow. The 
whole atmoſphere of the polar regions being, as it 
were, tranſported into the ocean by theſe winds, is 
there warmed and ſaturated with water: and, a 
great accumulation of air upon the ſea being the 
neceſſary conſequence of the long continuance of 
theſe cold winds from the ſhore, upon their ceaſing 
the warm breezes from the ſea neceſſarily com- 
mence, and, ſpreading themſelves upon the land 
far and wide, aſſiſt the returning ſun in diſmantling 
the earth of the remains of her -winter garment, 
and in bringing forward into life all the manifold 
| beauties of the new-born year. 

This warmed air which comes in from the ſea, 
having acquired its Heat from a contact with the 
ocean, is, of courſe, ſaturated with water; and 
hence the warm ſhowers of April and Naa, ſo 
neceſſary to a fruitful ſeaſon. 

The ocean may be conſidered as the . reſer- 


voir and equalizer of Heat; and its benign in- 


fluences in preſerving a proper temperature in the 
atmoſphere operate in all ſeaſons and in all cli- 
mates. 

The parching winds from the land under the 
torrid zone are cooled by a contact with its waters, 
and, in return, the breezes from the ſea, which at 

certain hours of the day come in to the ſhores in 
almoſt all hot countries, bring with them refreſh- 
ment, 
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ment, and, as it were, new life and vigour both to 

the animal and vegetable creation, fainting and 
melting under the exceſſive Heats, of a burning 

"fun. What a vaſt tract of country, now the moſt 
fertile upon the face of 'the globe, would be abſo- 
lutely barren and uninhabitable on account of the 
exceſſive Heat, were it not for theſe refreſhing 
ſea-breezes! And is it not more than probable, 
that the extremes of heat and of cold in the dif- 
ferent ſeaſons in the temperate and frigid zones 
would be quite intolerable, were it not for the in- 
fluence of the ocean in pong an equability of 

temperature ? 

And to theſe 8 the ocean is wonderfully 
well adapted, not only on account of the great 
power of water to abſorb Heat, and the vaſt depth 
and extent of the different ſeas (which are ſuch 
that one ſummer or one winter could hardly be 
ſuppoſed to have any ſenſible effect in heating or 
cooling this enormous maſs); but alſo on account 
of the continual circulation which is carried on in 
the ocean itſelf, by means of the currents which 
prevail in it. The waters under the torrid zone 
being carried by theſe currents towards the polar 
regions, are there cooled by a contact with the 
cold winds, and, having thus communicated their 
Heat to theſe inhoſpitable regions, return towards 
the equator, carrying with them refreſhment for 
thoſe parching climates. | 

The wiſdom and goodneſs of W dee have 
often been called in queſtion with regard to the 


diſtribution of land and water upon the ſurface of 
5 our 


5 
0 
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our r globe, the vaſt extent of the ocean having 
been conſidered as a proof of the little regard that 
has been paid to man in this diſtribution. But, 
the more light we acquire reſpecting the real con- 
ſtitution of things, and the various uſes of the 
different parts of the viſible creation, the leſs we 
ſhall be diſpoſed to indulge o. ourſelves in ſuch frivo- 
lous criticiſms. | 


—_ 
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AN 
EXPERIMENTAL INQUIRY 
CONCERNING 


THE SOURCE OF THE HEAT WHICH 
IS EXCITED BY FRICTION. 


Read before the RoyaL Socizxv, January 25, 1798. } 
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An INqyiIRx concerning the SOURCE of the 
HEAT which is EXCITED by FRICTION. 


[Read before the Rovar SoctzTy, January 25, 1798.] 


y frequently happens, that i in the ordinary affairs 

and occupations of life, opportunities preſent | 
themſelves of contemplating ſome of the moſt 
curious operations of Nature; and very intereſting 
philoſophical experiments. might often be made, 
almoſt without trouble or expence, by means of 
machinery contrived for the mere mechanical pur- 
poſes of the arts and manufaQures. 

I have frequently had occaſion to make this ob- 
ſervation ; and am perſuaded, that a habit of keep- 
ing the eyes open to every thing that is going on 
in the ordinary courſe of the buſineſs of life has 
oftener led, as it were by accident, or in the play- 

ful excurſions of the imagination, put into action 
by contemplating the moſt common appearances, to 
uſeful doubts, and ſenſible ſehemes for inveſtigation 
E and 
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and improvement, than all the more intenſe medi- 
tations of philoſophers, in the hours expreſsly ſet 
apart for ſtudy. _ 

It was by accident that I was led to make the Ex- 
periments of which I am about to give an account; 
and, though they are not perhaps of ſufficient im- 
portance to merit ſo formal an introduction, I can- 
not help Hattering myſelf that they will be thought 
curious in ſeveral reſpects, and worthy of the honour 
of being made known to the Royal Society. 

Being engaged, lately, i in ſuperintending the bor- 
ing of cannon, in the workſhops of the military 
arſenal at Munich, I was ſtruck with the very con- 
ſiderable degree of Heat which a braſs gun acquires, 
in a ſhort time, in being bored; and with the {till 
more intenſe Heat (much greater than that of bail- 
ing water, as I found by experiment) of the metallic 
chips ſeparated from it by the borer. 

The more I meditated on theſe Pharnomena, the 
more they appeared to me to be curious and inte- 
reſting. A thorough inveſtigation of them ſeemed 
even to bid fair to give a farther inſight into the 
hidden nature of Heat; and to enable us to form 
ſome reaſonable conjectures reſpecting the exiſtence, 
or non-exiſtence, of an igneous fluid : a ſubject on 
which the opinions of * have, in all ages, 
been much divided. 

In order that the Saciety may have clear and 
diſtin& ideas of the ſpeculations and reaſonings to 
which theſe appearances gave riſe in my mind, and 


alſo of the | ine objects of philoſophical inveſti- 
gation 


7 


Ry 
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gation they ſuggeſted - to me; I muſt beg leave 


to ſtate them at ſome length, and in ſuch man- 
ner as I ſhall think beſt ſuited to anſwer this | 


purpoſe. 
From whence comes the Heat aQtually produced in in ; 


the mechanical operation above mentioned? 


Is it furniſhed by the metallic chips which are 
ſeparated by the borer from the ſolid maſs of 
metal? 


If this were the caſe, then, 3 to Us 


modes doctrines of latent Heat, and of caloric 


the capacity for Heat of the parts of the metal, ſo 


reduced to chips, ought not only to be changed, 


but the change undergone by them ſhould be 


ſufficiently great to account . all the Heat 
produced, 


But no ſuch change "OY taken laces for 1 


found, upon taking equal quantities, by weight, 
of theſe chips, and of thin ſlips of the ſame block 


of metal ſeparated by means of a fine ſaw, and put- 
ting them, at the fame temperature, (that of boiling 


water,) into equal quantities of cold water, (that 
is to ſay, at the temperature of 597 F.) the portion 
of water into which the chips were put was not, to 


all appearance, heated either leſs or more than the 


other portion, in Which the lips of metal were 
This Epen being Nee ſeveral times, 


the reſults were always fo nearly the ſame, that I 
could not determine whether any, or what change, 


had been produced in the metal, in regard to its 
| KK3 = capacely 


* 
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 tapacity for Heat, by being reduced to chips by the 


_. * 
From hence it is evident, chat the Heat produced 


could not poſſibly have been furniſhed at the ex- 


pence of the latent Heat of the metallic chips. But, 
not being willing to reſt ſatisfied with theſe trials, 


however concluſive they appeared to me to be, 
T had recourſe to the following ſtill more deciſive 


Experiment: 

Taking a cannon, (a braſs 8 eaſt 
folid, and rough as it came from the foundry, (lee 
Fig. 1. Tab. IV.) Ad fixing it (horizontally) in 


* As theſe Experiments are important, it may perhaps be agreeable 
to the Society to be made acquainted with them in their _— 

One of them was as follows: 

To 4590 grains of water, at the temperature of 7 99 F. (an dats 
ance as compenſation, reckoned in water, for the capacity for Heat of 
the containing cylindrical tin veſſel, being included,) were added 
Tort4 grains of gun- metal in thin flips, ſeparated from the gun by 
means of a fine ſaw, being at the temperature of 2100 F. When 
they had remained together 1 minute, and had been well ſtirred about, 
by means of a ſmall rod of light wood, me Heat of the mixtwe was 
found to be 630. 

From this Experiment, the erf ic Heat 1 the metal, calculated ac- 
cording to the rule given by Dr. CRAWFORD, turns out to be 
To. 1100, that of water being I. ooo. 

An 1425-46; e was afterwards made walk: the metallic chips, as 
follows: : | 

To the ſame quantity of water as was uſed in the Experiment above 
Hbitioned, "at. the fame temperature, (wiz. 59%) and in the ſame 
cylindrical tin veſſel, were now put 10165 grains of metallic chips of 
gun-metal, bored out of the ſame gun from which the flips uſed in 
the foregoing Experiment were taken, and at the ſame temperature 

(210%). The Heat of the mixture, at the end of 1 minute, was juſt 
639, as-before ; conſequently the ſpecific Heat of theſe metallic chips 
was . 1100. Each of the above Experiments was repeated three 
times, and always with nearly the ſame relults, | 
We. the 


* 
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the machine uſed for boring, and at the ſame time 


fiſhing the outſide of the cannon by turning, (ſee 
Fig. 2.) I cauſed its extremity to be cut off; and, 

by turning down the metal in that part, a ſolid Gy 
linder was formed, 74 inches in diameter, and 9.4; 


inches long; which, when finiſhed, remained joined 


to the reſt of the metal (that which, properly ſpeak- 

ing, conſtituted the cannon.) by a ſmall cylindrical 
neck, only 2+ inches in W 1 and 3rs inches 
eng 

This ſhort cylinder, which was ; ſupported i in its 
horizontal poſition, and turned round its axis, by 
means of the neck by which it remained united to 
the cannon, was now bored with the horizontal 
borer uſed in boring cannon ; but its bore, which 
was 3.7 inches in diameter, inſtead of being con- 
tinued through its whole length (9.8 inches) was 
only 7.2 inches in length; ſo that a ſolid bottom 
was left to this hollow cylinder, which bottom was 
2.6 inches in thickneſs. 

This cavity is repreſented by dotted lines in 
Fig. 2; as alſo in Fig. 3. where the cylinder is 
repreſented on an enlarged ſcale. 

This cylinder being deſigned for the expreſs 
purpoſe of generating Heat by friction, by having a 
blunt borer forced againſt its ſolid bottom at the 
ſame time that it ſhould be turned round its axis by 
the force of horſes, in order that the Heat accumu- 
lated in the cylinder might from time to time be 


meaſured, a ſmall round hole, (ſee d, e, Fig. 3) 0.37 


of an inch only in diameter, and 4.2 inches in 


* ©®'4 depth, 
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depth, for the purpoſe of introducing a ſmall 
cylindrical mercurial thermometer, was made in it, 
on one ſide, in a direction perpendicular to the axis 
of the cylinder, and ending in the middle of the 
ſolid part of the metal which formed the bottom of 
its. bore. > | 
The ſolid contents of this hollow cylinder, ex- 
cluſive of the cylindrical neck by which it remained 
united to the cannon, were 3854 cubic. inches, 
Engliſh meaſure; and it weighed 113.131b. Avoir- 
dupois: as I fend, on weighing it at the end of 
the courſe of Experiments made with it, and after 
it had been PER from the cannon with which, | 


p— 


1 8 Ne 1. 


This Experiment was made in order to aſcertain. 
bow much Heat was actually generated by friction, 
when a blunt ſteel borer being ſo forcibly ſnoved 
(by means of a ſtrong ſcrew) againſt the bottom of 


* For fear I ſhould be ſuſpected of pradigality in the proſecution 
of my philoſophical reſearches, I think it neceſſary to inform the 
Society, that the cannon I made uſe of in this Experiment was not 
ſacrificed. to it. The ſhort hollow cylinder which was formed at the 
end of it, was turned out of a cylindrical maſs of metal, about 2 feet 
in length, projecting beyond the muzzle of the gun, called in the 
German language the werlorner kepf, (the head of the cannon to be 
thrown away), and which is repreſented i in Fig, 1. 

This original projection, which is cut off before the gun is bored, is 
always caſt with it, in order that, by means of the preſſure of its 
weight on the metal in the lower part of the mould, during the time 
it is cooling, the gun may be the more compact 1 in the neighbourhood 
of the muzzle; where, without this precaution, the metal would be 
apt to be porous, or full of honeycombs. 


LY 
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© | | 
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the bore of the cylinder, that the preſſure againſt 


it was equal to the weight of about. 10000lb.. 


Avoirdupois, the cylinder was turned round on its 
axis (by the force of horſes) at the rate of about 
32 times in a minute. | 


This machinery, as it was put together for the 


| Experiment, is repreſented by Fig. 2. W is a 
ſtrong horizontal iron bar, connected with proper 


machinery carried round by horſes, by means of 
which the cannon was made to turn round its axis. 


To prevent, as far as poſſible, the loſs of any 


part of the Heat that was generated in the Experi- 
ment, the cylinder was well covered up with a fit 


coating of thick and warm flannel, which was care- 


fully wrapped round it, and defended it on every 


fide from the cold air of the atmoſphere. This. 
covering is not repreſented in the drawing of the 
apparatus, Fig. 2. 1 


I ought to mention, that the borer was a flat 


piece of hardened ſteel, 0.63 of an inch thick, 4 
inches long, and nearly as wide as the cavity. of 


the, bore of the cylinder, namely, 31 inches. Its 


corners were rounded off at its end, ſo as to make 
it fit the hollow bottom of the bore; and it was 
firmly faſtened to the iron bar (n) which kept it 
in its place. The area of the ſurface by which its 
end was in contact with the bottom of the bore of 
the cylinder was nearly 25 inches. This borer, 


which is diſtinguiſhed by the letter a, is repreſented 


in moſt of the figures. 
At 
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At the beginning of the Experiment, the tempe- 
rature of the air in the ſhade, as alſo that of” the 
ende was juſt 60 F. Jp 

At the end of 30 minutes, when the eyliniter 
had made 960 revolutions about its axis, the horſes 
being ſtopped, a cylindrical mercurial thermometer, 
whoſe bulb was Fer of an inch in diameter, and 

31 inches in length, was introduced into the hole 
made to receive it, in the ſide of the cylinder, 
when the mercury roſe almoſt inſtantly to 130% 
| Though the Heat could not be ſuppoſed to be 
quite equally diſtributed in every part of the cy- 
Under, yet, as the length of the bulb of the ther- 
mometer was ſuch that it extended from the axis 
of the cylinder to near its ſurface, the Heat indi- 
cated by it could not be very different from that of 
the mean temperature of the cylinder; and it was on 
this account that a thermometer of that particular 
form was choſen for this Experiment. 

To fee how faſt the Heat eſcaped out of the cy- 
inder, (in order to be able to make a probable con - 
jecture reſpecting the quantity given off by it, dur- 
ing the time the Heat generated by the friction was 
accumulating,) the machinery ſtanding ſtill, J ſuf- 
fered the thermometer to remain in its place near 
three quarters of an hour, obſerving and noting 
down at ſmall intervals of time, the * of the 
een wn indicated by it. 


. | Thus, 
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Thus, at the end of The 2 n by : 
4 minutes 13265 
after 5 minutes, always reckon- 
ing from the firſt ob- | — 
ſervation, - = 125? | 
at t the end of 7 minutes 123% 
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Having taken away the borer, I now removed 
the metallic duſt, or rather ſcaly matter, which [ 
had been detached from the bottom of the cylinder =_ 
by the blunt ſteel borer, in this Experiment; and, - 
having carefully weighed it, I found its en to 
be 8 37 grains Troy. 


Is it poſſible that the very a quantity -# 
by Heat that was produced in this Experiment (a 
quantity which actually raiſed the temperature of 
above 1131b. of gun-metal at leaſt 70 degrees of | 


FAHRENHEIT'S thermometer, and which, of courſe, 
would have been capable of melting 6z1b. of ice, 


or of cauſing near £5lb. of ice-cold water to boil) Y i 
could 1 
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could have been furniſhed by ſo inconſiderable 2 
quantity of metallic duſt? and this merely in con- 
ſequence of a change of its capacity for Heat? 

As the weight of this duſt (837 grains Troy) 
amounted to no more than th part of that of 
the cylinder, it muft have loſt no leſs than 948 de- 
grees of Heat, to have been able to have raiſed the 
temperature of the cylinder 1 degree; and conſe- 
quently it muſt have given off 66, 360 degrees of 
Heat, to have produced the effects which were 
actually found to have been produced in the 
Experimen. ! 

But, without inſiſting on "the itprobability of 
this ſuppoſition, we have only to recolle&, that 
from the reſults of actual and deciſtve Experiments, 
made for the expreſs purpoſe of aſcertaining that 
fact, the capacity for Heat, of the metal of which 
great guns are caſt, is not ſenſibly changed by being 
reduced to the form of metallic chips, in the ope- 
ration of boring cannon ; and there does not ſeem 
to be any reaſon to think that it can be much 
changed, if it be changed at all, in being reduced 
to much ſmaller pieces, by means of a borer that 
is leſs ſharp. 

If the Heat, or any conſiderable pak of it, were 
produced in conſequence of a change in the capa- 
city for Heat of a part of the metal of the cylinder, 
as ſuch change could only be ſuperficial, the cy- 
tinder would by degrees be exhaufted; or the quan- 
tities of Heat produced, in any given ſhort ſpace of 
time, would: be found to diminiſh gradually, in 

ſucceſſive 


* 
9 


ſucceſſive Experiments. To find out if this really 
happened or not, I repeated the laſt· mentioned 
Experiment ſeveral times, with the utmoſt care; 
but I did not diſcover the ſmalleſt ſign of exhauſtion 


in the metal, notwithſtanding the large CO 


of Heat actually given off, 


Finding ſo much reaſon to conclude, that the 


Heat generated in theſe Experiments, or excited, as 
I would rather chooſe to expreſs it, was not fur- 
niſhed at the expence of the latent Heat or combined 
caloric of the metal, I puſhed my inquiries a ſtep 
farther, and endeavoured to find out whether the 
air did, or did not, contribute any thing in the 
= generation of it, 


Experiment, No 2. 


As the bore of the cylinder was cylindrical, and 
as the iron bar (m), to the end of which the 
| blunt. ſteel borer was fixed, was ſquare, the air 
had free acceſs to the inſide of the bore, and even 
to the bottom of it, where the friction took Place 
by which the Heat was excited. 

As neither the metallic chips produced in the 
ordinary courſe of the operation of boring braſs 
cannon, nor the finer ſcaly particles produced in 
the laſt-mentioned Experiments by the friction of 
the blunt borer, ſhowed any ſigns of calcination, I 
did not ſee how the air could poſlibly have been 
the cauſe of the Heat that was produced; but, in 
an inveſtigation of this kind, I thought that no 


pains ſhould be ſpared to clear away the rubbiſh, 


and 
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and leave the ſubject as naked and open to-Inſpec- 
tion as poſſible. | 

In order, by one deciſive Experiment, to deter. 
mine whether the air of the atmoſphere had any 
part, or not, in the generation of the Heat, I con- 
trived to repeat the Experiment, under circum- 
ſtances in which it was evidently impoſſible for it to 
produce any effect whatever. By means of a piſton. 
exactly fitted to the mouth of the bore of the cy- 
linder, through the middle of which piſton the 
fquare iron bar, to the end of which the blunt 
ſteel borer was fixed, paſſed in a ſquare hole made 
perfectly air-tight, the acceſs of the external air, to 
the infide of the bore of the cylinder, was effec- 
tually prevented. (In Fig. 3. this piſton (p) is 
feen i in its place; ; It is likewiſe ſhown in Fig. 7 

and 8.) 
I did not find, however, by this Experiment, that 
the excluſion of the air diminiſhed, in the ſmalleſt 
degree, the quantity of Heat excited by the fric- 
tion. : 

There ſtill remained one doubt, which, though 
it appeared to me to be ſo flight as hardly to 
deſerve any attention, I was however deſirous to re- 
move. The piſton which cloſed the mouth of the 
bore of the eylinder, in order that it might be air- 
tight, was fitted into it with ſo much nicety, by 
means of its collars of leather, and preſſed againſt 
it with ſo. much force, that, notwithſtanding 1ts 
being oiled, it occaſioned a conſiderable degree of 
friction, when the hollow cylinder was turned 
round 


9 
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round its axis. Was not the Heat produced, or at 
leaſt ſome part of it, occaſioned by this friction of 
the piſton ? and, as the external air had free acceſs 
to the extremity of the bore, where it came in con- 
tact with the piſton, is it not poſlible that this air 
may have had ſome ſhare in the generation of the 
Heat PEARS: f 


Experiment, No g. = 

A quadrangular oblong deal box, (ſee Fig. 4.) 
water-tight, 114 Engliſh inches long, 9 r inches 
wide, and 9-5 inches deep, (meaſured in the clear,) 
being provided, with holes or flits in the middle of 
each of its ends, juſt large enough to receive, the 
one, the ſquare iron rod to- the end of which the 
blunt ſteel borer was faſtened, the other, the ſmall 
cylindrical neck which joined the hollow cylinder 
to the cannon; when this box (which was oc- 
caſionally cloſed above, by a wooden cover or lid 
moving on hinges) was put into its place; that is 
to ſay, when, by means of the two vertical open- 
ings or ſlits in its two ends, (the upper parts of 
which openings were occaſionally cloſed, by means 
of narrow pieces of wood ſliding in vertical grooves,) 
the box (g, b, i, &, Fig. 3.) was fixed to the ma- 
chinery, in fuch a manner that its bottom (i, &,) 
being in the plane of the horizon, its axis coincided 
with the axis of the hollow metallic cylinder ; it 1s 
evident, from the deſcription, that the hollow me- 
tallic cylinder would occupy the middle of the box, 
| without touching it on either ſide (as it is repre- 
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ſented in Fig. 3.); and that, on pouring water into 


the box, and filling it to the brim, the cylinder 
would be completely covered, and ſurrounded on 
every ſide, by that fluid. And farther, as the box 


.. was held faſt by the ſtrong ſquare iron rod (m), 


which paſſed, in a ſuare hole, in the centre of one 
of its ends, (a, Fig. 4.) while the round or cylin- 
drical neck, which joined the hollow cylinder to the 
end of the cannon, could turn round freely on its 
axis in the round hole in the centre of the other end 


of it, it is evident that the machinery could be put 


in motion, without the leaſt danger of forcing the 


box out of its place, throwing the water out of it, 
or deranging any part of the apparatus. | 


Every thing being ready, I proceeded to make the 


Roy I had projected, in the following manner: 


The hollow cylinder having been previouſly 


Genen out, and the inſide of its bore wiped with 
a clean towel till it was quite dry, the ſquare iron 


bar, with the blunt ſteel borer fixed to the end of 


it, was put into its place; the mouth of the bore 
of the cylinder being cloſed at the ſame time, 5) 
means of the circular piſton, through the centre of 


which the iron bar paſſed. 
This being done, the box was put in its place, 


and the joinings of the iron rod, and of the neck 


of the cylinder, with the two ends of the box, 
having been made water-tight, by means of collars 
of oiled leather, the box was filled with cold water, 
(viz. at the temperature of 60*,) and the machine 


was put in motion. | 855 
= -:-: 1 The 


2 
25 


Ide reſult of this — — very 
ſtriking, and the pleaſure it afforded me amply re- 
paid me for all the trouble I had had; in con- 

triving and arranging the ieee machinery 
uſed in making it. . ie 

The cylinder; revolving at the rate i about 32 
times in a minuta, had been in motion but a ſhort 
time, when 1 by putting my hand into 


the water, touching the outſide of the cy- 
linder, that Heat was generated; and it was not 


long before the water which ſurrounded the cy- 
; linder began to be ſenfibly warm. ah; 


At the end. of 1 hour I found, by plunging a 
thermometer into the water in the box, (the quan- 
tity of which fluid amounted | to 18. 771b. Avoir- 


dupois, or 24 wine gallons,) that its temperature 
hac been raiſed no leſs than 47 degrees; being 
now 107" of FAHRENHEIT" s ſcale. _ 


When 39 minutes more had elaſped, or 1 hour 
and 30 minutes after the machinery had been 
put in motion, the * of the water in the box 


Vas 142. 


At the end of 2 hours, 1 from the be- 
ginning of the experiment, the temperature of the 
water was found to be raiſed to 1780. 


At 2 hours 20 minutes it was at 200; and at 
2 hours 30 minutes it ACTUALLY BOILED | | 
It would be difficult to deſcribe the ſurprize 
and aſtomſhment expreſled in the countenances of 
Vol. Hl. LL 5 the 
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the by-ſtandets, on ſeeing. ſo large a quantity of 
cold water heated, and actually made to "ole 
without y fire. 18 | 
Though there was, in fact, nothing that could 
juſtly be conſidered as ſurpriſing in this event, yet 
I acknowledge fairly that it afforded me a degree 
of childiſh pleaſure, which, were I ambitious of 
the reputation of a grave philo oſopher, I ought moſt 


certainly rather to hide than to diſcover. 


*The* quantity of Heat excited and accuniulated 
in' this Experiment was very conſiderable; for, 
not only the water in the box, but alſo the box 
itſelf, (which weighed 151 1b.) and the hollow me- 
tallic cylinder, and that part of the iron bar 
which, being ſituated within the cavity of the box, 
was immerſed in the water, were heated 150 de- 
grees of FahRENHEIT' J ſcale; viz. from 609 
(which was the temperature of the water, and of 
the machinery, at the beginning of the Experi- 
ment) to 210", the * of _—_ water at 
Munich. JE 1 

The . quantity of Heat generated may be 
eſtimated with ſome conſiderable n oe _ 
cifion, as follows: an nt Zan, 


4 


WT Heat FT by Hidin. 


Of * "Heat excited Quantity of Ge ab "which, 
with the given quantity of Heat, 


ther, * appears s 10 have | might have been heated, 130 de- 
z G 


lated,” : „5 RY In deere weight. 


been N decumu. grees, or made to boil, 


LE 


In FW, water contained in in the wooden | 


box, 184 lb. Avoirdupois, heated 1 5 5 
degrees, namely, from 60 to 2105 5 — 


15.2 


In 113. 13. Ib. of gun- metal, (the hol- 


low] cylinder, ) heated 150 degrees; and, 
as the capacity for heat of this metal is to 


that of water as O. 1 100 to 1.0000, this 


quantity of Heat would have heated 12+ lb. 


of water the ſame number of degrees 


In 36. 75 cubic inehes of iron, (being 


10˙37 


that part of the iron bar to which the 2 


borer was fixed which entered the 1 


heated 1 50 degrees; ; which may be 
reckoned equal in SORE for Heat to 
1.211b. obwater © 7 . 


Total quantity f ice- cold water which; 


with the heat actually generated by fe. on 


1.01 


tion, and accumulated in 2 hours and 30 


minutes, might have been heated 180 de- 
grees or e to boil e 


9 
= 


26.58 


* No Ellimate is 1 * of the Heat 8 in the — EE 


box, nor of that whi ch muſt __ been e md” loſt during __ 


Experiment. 


— 
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From the knowledge of the, quantity of 1 Heat 
actually Produced in the foregoing Expe! 
and of the, time in in which it was generated, we are 
enabled to aſcertain the celerity of its production, 
and to determine how large a fire muſt have been, 
or how much fuel muſt have been conſumed, in 
order that, in burning equably, it ſhould have 

j produced by combuſtion hy ſame quently of Heat 
in the ſame time. 13 

In one 6f Dr. uma Rs Eupebü ments (ſee 
his Treatiſe on Heat, p. 321,) 37 lb. 7 O2. Troy, 
2181920 grains of water, were heated 22 de- 

grees of FAaHRENHETT's thermometer, with the Heat 
| generated i in the combuſtion of 26 grains of wax. 
This gives 382032 grains of water heated 1 degree 
with 26 grains of wax; or 14693 27 grains of 
water heated 1 degree, or 43 281.631 grains 
heated 180 degrees, with the Heat en in the 
combuſtion of ane grain of wax. 
The quantity- of ice-cold water which gh 
have been hęated 180 degrees, with the Heat ge- 
nerated by friction in the before · mentioned Ex- 
periment, was found to be 26.58 lb. Avoirdupois, 
188060 grains; and, as 81,631 grains of ice- 
a cold water require the Heat generated in the com- 
- buſtion of 1 grain of wax, to heat it 180 degrees, 
the former quantity of ice. cold water, namely 
188060 grains, would require the combuſtion of 
no leſs than 2303.8 grains 3 Troy) of wax, 
to o heat it 180 degrees. 


As 


. 
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EY ape z) n which the gien 
quantity of Heat was generated by friction, HAſted 
2 hours and 30 minutes, = 150 minutes, ft is 
neceſſary, for the purpoſe of aſcertaiting how 
many wax-candles of any given ſize muſt burn to- 
gether, in order that in the combuſtion of them 
the given quantity of Heat may be generated! in the 
given time, and confequently with the ſane celerity 
as that with which the Heat was generated 'by 
friction in the experiment, that the ſize of the 
candles ſhould be determined, and the quantity of 
wax conſumed in a given time by each candle, in 
burning equably, ſhould be known. 80 e 

Now I found by an Experiment, made on pur- 
: poſe to finiſh theſe computations, that when a good 
wax-candle, of a moderate ſize, + of an inch in dia- 
meter, burns with a clear lime” juſt 49 grains of 
wax are conſumed in 30 minutes. Hence it ap- 
pears, that 245 grains. of wax would be conſumed 
by ſuch a candle in 1 50 minutes; and that, to 
burn tlie quantity of WAX (=2303- 8 grains) ne- 
ceſſary to produee the quantity of Heat actually 
obtained by friction in the Experiment i in queſtion, 
and in the given time, (1 50 minutes,) nine candles, 
: burning at once, would not be ſufficient ; ; forg 
multiplied into 245 (che. number of grains con- 
| ſumed by each candle in 159 minutes) amounts to 

00. more than 2205 grains; whereas the quantity 
of wax neceſſary to be burnt, in order to produce 
the given quantity of Heat, Was found to be 
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From the reſult of theſe computations i it appears, 
that the quantity, of Heat produced equably, or in 


a acontinual ſtream, (if I may uſe that expreſſion,) 
by the friction of the blunt ſteel borer againſt the 


bottom of the hollow metallic cylinder, in the 


Experiment under conſideration, was greater than 


that produced equably i in. the combuſtion, of nine 
wax-candles, each + of an inch in diameter, all 
burning together, or at the ſame time, with clear 
bright flames. 2 8 

3 the machinery uſed ir in "this "Experiment Eo - 
eaſily be carried round by the force of one horſe, 
(though, to Tender the work lighter, two horſes 
were actually employed in doing it,) theſe. compu- 


tations ſhow further how large a quantity of Heat 
| might be produced, by proper mechanical con- 
trivance, merely by the ſtrength of a horſe, with- 


out either fire, light, combuſtion, or chemical de- 


compoſition; and, in a caſe of neceſſity, the Heat 


thus produced might be uſed in cooking victuals. 
But no circumſtances can be imagined, in which 
this method f procuring Heat b not be diſ · 
advantageous ; ; for, more Heat might be obtained 
by uſing the fodder neceſſary for the ſupport 15 a 
horſe, as fuel. 


* 


As ſoon as the laſt-mentioned 8 
'(N* 3). was finiſhed, the water in the wooden 


ox was let off, and the box removed ; and the 


borer being taken out of the cylinder, the ſcaly 
Tactallic powder, which had been produced by 
the friftion of the borer againſt the bottom of 


<7 
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: ils cylinder, - was collected, and: being carefully 


8 weighed, Was found to eee 41 4 5 grains, or Wut 


8 oz. Troy. 
A s this quantity was produced i in 22 Wan this 
gives 824 Swain for the quantity Protileed 3 in ; hal on 


an hour. 
In the firſt Experiment, which laſted only. hal if, an 


 bour, the quantity produced was 837 grains. FR 


In the Experiment Ne 1. the quantity of Heat 
generated, in half an hour, was found to be equal 
to that which would be required to heat 5 Ib. 
Avoirdupois of ice-cold water 180 degrees, or 
cauſe i it to boil. 

According to the reſult of the Rh 
Ne 4. the Heat generated in half an hour would 
have cauſed 5.31 lb. of ice-cold water to boil. 
But, in this laſt- mentioned Experiment, the Heat 
generated being more effectually confined, leſs of 
it was loſt; which accounts for the difference of 
the reſults of the two Experiments. ; e 


It remains for me to give an account of one 


Experiment more, which was made with this ap- 
paratus. I found by the Experiment No 1. How 
much Heat was generated when the air had free 
acceſs to the metallic ſurfaces which were ruhbed 


together. By. the Experiment Ne 2. I found 
that the quantity of Heat generated was not ſen- 


fibly diminiſſed when the free acceſs of the air was 
prevented; 5 and by the reſult of Ne 3. it ap- 
peared that the Sele of the Heat was not 


— or retarded, by keeping the apparatus 
LL4 immerſed 
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immerſed in water. But as, in this laſt· mentioned 
Experiment, the water, though it ſurrounded the 
hollow metallic cylinder on every ſlide,” externally, 
was not ſuffered to enter the cavity of its bore, 
(being prevented by the piſton,) and conſequently 
did not come into contact with the metallic ſurfaces 
where the Heat was generated: to ſee what eſſects 
would be produced by giving vi m . _ 
a een Ss I now made the 


| Experiment, N* 45 Ss 
"The piſton which, cloſed the end = the ns: of 
the cylinder being remoyed, the blunt borer. and 
the cylinder were once more put together; and the 
box being fixed in its place, and filled with water, 
the machinery was again put in motion, _ 

There was nothing i in the - reſult of this Experi- 
ment that renders it neceſſary for me to be very 
particular in my account of it. Heat was gene- 
rated, as in the former Experiments, and, to all 
appearance, quite as rapidly; and I have no doubt 
but the water in the box would have been brought 
to boil, had the Experiment been continued as long 
as the laſt, The only circumſtance that ſurpriſed 
me was, to find how little difference was occaſioned 
in the noiſe made by the borer in rubbing againſt 

the bottom of the bore of the cylinder, by filling 
the bore with water. This noiſe, which was very 
grating to the ear, and ſometimes. almoſt inſup- 
portable, was, as nearly as I could judge of it, 
Are as loud, and as OSes: when, the ſux: 
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when they were in contact with air. 


By meditating on the reſults of all theſe Experi. 


ments, we are naturally brought to that great 
queſtion which has ſo often been the ſubject of 
ipeculation among philoſophers ; namely, 
What is Heat?—ls there any fuch' thing as an 
igneous fluid? Is there any thing that can vith 
| propriety be called, caloric? 


We have icen that a very conkdaceble Sandy 


of Heat may be excited in the Friction of two me- 
tallic ſurfaces, and given off in a conſtant ſtream 
or flux, in all directions, without interruption or 
intermiſſion, and without any _ of diminution 
DO exhauſtian, 5 | 7 

From whence came the Heat nn was con- 
tinually given off in this manner, in the foregoing 
Experiments? Was it furniſned by the ſmall par- 


ticles af metal, detached from the larger ſolid 


maſſes, on their being rubbed together ?— This, as 


We have already ſeen, could not poſſibly have been 


the caſe. 


Was it furniſhed by the air ?—This could) not 
have been the caſe; for, in three of the Experi- 
ments, the machinery being kept immerſed in 


water, the acceſs of the air of the nnn was 
completely prevented. 

Was it furniſhed; by the water which furrounded 
the machinery That this. could not have been the 
caſe is evident: jr/#, becauſe. this water was con- 
tinually receiving Heat from the machinery, and 

could 
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could not, at the ſame time, be giving 70, and re- 
ceiving Heat from, the ſame body; and ſecondly, 
becauſe there was no chemical decompoſition of 
any part of this water. Had any ſuch decompoſi- 
tion taken place, (which indeed could not reaſon- 
ably have been expected, ) one of its component 
elaſtic fluids (moſt probably inflammable air) muſt, 
at the ſame time, have been ſet at liberty, and, in 
making its eſcape into the atmoſphere, would have 
been detected; but though I frequently examined 
the water to ſee if any air bubbles roſe up through 
it, and had even made preparations for catching 
them, in order to examine them, if any ſhould 
appear, I could perceive none; nor was there any 
ſign of decompoſition of any kind whatever, or 
other chemical proceſs, going on in the water. 
Is it poſſible that the Heat could have been 

an means of the iron bar to the end of 
which the blunt ſteel borer: was fixed? or by the 
ſmall neck of gun- metal by which the hollow 
cylinder was united to the cannon ?—Theſe ſuppo- 
ſitions appear more improbable even than either of 
thoſe before mentioned; for Heat was continually 
going off, or out of the machinery, by both theſe 

paſſages, during the whole time the hs copier nn 
laſted. 850 

And, in reaſoning on . lubjedt, we muſt not 

forget to conſider that mo/? remarkable circumſtance, 
that the ſource of the Heat generated by friction, 
in theſe ee en wre to "be 
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It 18 hardly neceſſary to add, that any thing 
which any igſulated body, or ſyſtem of bodies, can 
cantinue to furniſh without limitation, cannot poſ- 
 libly be 4 material ſubſtance : and it appears to me 
to be extremely difficult, if not quite impoſſible, to 
form any diſtin idea of any thing, capable of 
being excited and communicated, in the manner 
the Heat was excited and communicated in oy 
Experiments, except it be MOTION../\. _ : 

I am very far from pretending to hangs how, or 
by what means, or mechanical contrivance, that 
particular kind of motion in bodies, which has 
been ſuppoſed to conſtitute Heat, is excited, con- 
tinued, and propagated; and I ſhall not preſume to 
trouble the Society with mere conjectures; par- 
ticularly on a ſubject, which, during ſo many thqu- 
ſand years, the moſt enlightened philoſophers have 
endeavoured, but in vain, to comprehend. | 
But, although the mechaniſm of Heat ſhould, in 
fact, be one of thoſe myſteries of nature which 
are beyond the reach of human intelligence, this 
ought by no means to diſcourage us, or even leſſen 
our ardour, in our attempts to inveſtigate the laws 
of its operations. How far can we advance in any 
of the paths which ſcience has opened to us, 
before we find ourſelves enveloped in thoſe thick 
miſts which, on every ſide, bound the horizon of 
the human intellect? But how ample, and how 
intereſting, is the field that is given us to ex- 
plore: 

Nobody, 
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© Nobody, ſurely, in his ſober ſenſes,” has ever 
pretended to underſtand the mocha of gravi- 
tation; and yet what ſublime diſcoveries was our 
immortal NzwTon enabled to make, merely by 
the inveſtigation of the laws of its action 

The effects produced in the world by the get | 
of Heat are probably ju/? as exten/; ve, and quite 
as important, as thoſe which are owing to the 
tendency of the particles of matter towards' each 
other; and there is no doubt but its operations 
are, in all n nnn "by as equally 
. 6 

- Before I finiſh this Ffay, won beg leave to 
obſerve, that although, in _— the fubject I 
have endeavoured to inveſtigate, I have made no 
— motifion of the names of thoſe who have gone 

over the ſame ground before me, nor of the fuc- 

ceſs e their labours; this omiſſion has not been 
owng 40 any want of reſpect for my predeceffors, 
but was merely to avoid prolixity, and to be more 
at liberty to purſue, without mis Mom the na- 
tural train of eee own ideas. 
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1 Figs. r. ſhows abs cannon uſed 5 in the foregoing 
Experiments, in the ſtate it was In when it came. 


from the foundry. 


Fig. 2. ſhows the 1 uſed in cls Ex- 
periments Ne 1. and N' 2. The cannon is ſeen 
fixed in the machine uſed for boring cannon. W 
is a ſtrong iron bar, (which, to ſave room in the 
drawing, is repreſented as broken off,) which bar, 
being united with machinery (not expreſſed in the 
figure) that is carried round by horſes, cauſes the 
cannon to turn round its axis. 

m is a ſtrong iron bar, to the end of which the 
Slunt borer is fixed; which, by being forced 
againſt the bottom of the bore of the ſhort hollow 
cylinder that remains connected by a ſmall cylindri- 
cal neck to the end of the cannon, is uſed in gene- 
rating Heat by friction. . 

Fig. 3. ſhows, on an enlarged ſcale, the ſame 
hollow cylinder that is repreſented on a ſmaller 
ſcale in the foregoing Figure. It is here ſeen con- 
neected with the wooden box (g, B, i, E,) uſed in 
the Experiments No 3. and Ne 4. when this hol- 
low cylinder was immerſed in water. 

p, which is marked by dotted lines, is the piſton. 
which cloſed the end of the bore of the cylinder. 

7 is the blunt borer ſeen ſidewiſe. 

d, e, is the ſmall hole by which the thermo- 

meter was introduced, that was uſed for aſcertain- 


ing 
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7 * 


ing the Heat of the cylinder. To ſave room in the” | 


EY, drawing, the cannon. is repreſented broken off 


near its muzzle ; - and the iron bar, to which the 
blunt borer is fixed, is 8 broken off 5 
e 

Fig. 4. is a perlpectire view of the Wedel bon; | 
a ſeftion of which i is ſeen in the — ONE. 


(See g, b, i, E, Fig. . 
Fig. 5. and 6. repreſent the blunt er u, joined 


to the iron bar m, to which it was faſtened. 


Fig. 7. and 8. repreſent the ſame borer, with its 
iron bar, together with the piſton, which, in the 
Experiments Ne 2. and No 3. was el. to wad 
the mouth of the hollow cylinder. i 17 
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